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FOREWORD

The Literature Survey of Puget Sound and Approacﬂeé has been com-
i pleted by the Department of Oceanography of the University or Vashing-~
ton as authorized by the Office of Naval Research Contract Nonr-447(00),
Tagk Order 4T77(056). Under the terms of this contract the Department of

Oceanography has provided a listing and analysis of all published and

PETETR P

unpublished literature pertaining to the oceanography and factors in-

fluencing the oceanoéraphy of Puget Sound.

To effectively accomplish general oceanographic research in an
area in #hich oﬁtside influences of every type play an important or un-

determined role, every possible factor must be taken into consideration.

?6f this reason all of the factors that may'influence the . oceanography

of Puget'Sound.have been included. The forr of the paper is essentially

PRI e iy WP A WP T
L

that of an abstract of the current knowledge on each subject. Appended

to each subject is a detailed, annotated bibliography of all relevant

publications and unpublished repcrts and data, whether_ used in the ab-
stract or not. If no information is available on a certain subject this

has been mentioned in order to present the status of our knowledge to

el e it —— i —

date.
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GEOLOGY

REGIONAL GEOLOGIC STUDY

:-nuuununm.u...gmg..w!.‘l!ﬁ' s

PHYSIOGRAPHY

The Cascade Mountains have a general elevation of about 6,000 feet,
with peeks rising to elevations of 8,000 to 10,000 feei. Mount Rainier,
which is about 70 miles southeast of Seattle, rises to 14,408 feet. The
mountain range is broken by winding passes whose elevations range from
3 300 feet to nearly 5,000 feet.

ad 2. ot

1 ) : The Olympic Mountalns, vhich occupy the Olywpic Peninsula west of
i Puget Sound, rise to elevations of more than 7,000 feet, culminating in
Mount Olympus vhich reaches a height of 7,954 feet. Elevations in excess L
of k4, 000 feet cover an arc of 60° of the horizon west of Seattle. '

g b - o

The Cascade Mountains, with westward spurs, Lhe mountains of Van- ' )
couver Island, and the Olympic Mountains surround Puget Sound leaving : i
gaps only by the Strait of Juan de Fuca, and Tenino Pass to the south- !
west . (Fig. 1-3). . 72 L Ny '

i B The topography of the Puget Sound Basin is due prlmarily to. glacial
~action. The glacier .was a lobe of the Cordilleran ice sheet which moved

southward over the region. The ‘glacial debris was deposited on a sloping
bedrock floor which rises to the south. The southern limit cf ice depo-
sition, vhich varies about 10 to 15 miles south of-Pugel Sound, marks the
southern boundary of the Puget Sound Basin. This southern border is a
morainic belt which varies in altitude from 150 to more than 1,400 feet,
above sea level. .

Nortl ward from the morainic belt the general level descends toward _
Puget Sound. Hills rise above the plain, and in some places, as around . !
Seattle, they form areas of ‘rolling country. Numerous lakes and swamps i
are found on the plain. In many places the substratum consists of out-
£ wash gravels. The gravel, vhich is widespread south of Tacoma, is almost

1 free of clay and forms barren prairies which locally are too porous to ]
permit the formation of streams. In the areas where clay is present
.withiih the gravel, water is retained and dense forests are fourd.

'
- e st . i R 1
ta

e e,

PR by
i g

In some areas, pre-giacial rock hills rise above the level of the ~
glacial deposits., Squak Mountain, southeast of Seattle, and the Blue
. Hills, between Puget Scund and Bood Canal, are examples of such hills.

: The main area of such pre-glacial rcck hills is found ih a broad belt ex- -
_tending southeast from Vancouver Island to the Cascade Mountains and in-
cludes the San Juan Islands and the spurs of the Cascades in the vicinity

. of Mount Vernon. See Fig. 4-1 for locations.

ne




|
i
|
]
'
!
1

Ky
e

[V Y b

g

Qe o7 ey

5
s

a N

-

ALLUYIUM

(Merine sonds of Weever ond prb-
1 drift ond other
iments |acinded.)

eLalidi ORIFT 5 ‘::::.
{Szme nen-gleciel bads inesluded) [ ::%w.

OLIGOCENE

MIOCENE VOLCANIC

(Soma wadiftersatiated Tertiary
rocks iscluded.)

]

EOCENE MARINE STRATA AMD
INTERCALAYED BASALT LAWAS

(Telom of Weave:, Cowtitz wd
other Escens rechs.)

(I

EOCENE CONTINENTAL STRAT

(Poget, Swask end other Eocmms
beds.)

MESOZOIC MARINE STRATA

Pesayton series, Hoh formetion

(

ond misestisneows nerine and
sentinsatel sefimeviery resks of
probedis Mesozeic age. nciudes
recks of the Olympic 1)

B3sesaaels

|- 9492464438400 00

MESOZOIC (P) BASIC INTRUSIVES

(Paridetite, Dusite, and Sovpentine,
pre-Tortlary.)

CARBONIFEROUS AND OLOER
PALEOZOIC SEDIMENTARY ROCKS

(Peshoste, $3a Jusn eries end Gama
Mok, Sems mete

—N—

PUGET SOUND

GEOLOGIC MAP

BASE MAP - LS. DEPT. OF AGRICULTURE,
FOREST SERVICE, i934.

SOURCE - PRELIMINARY GEOLOBIC MAP,

STATE OF WASHINGTON,DEPARTMENT OF
merphesed sedl- o
mantsond voleanics of Mesezoic (?) CONSERVATION AND DEVELOPMENT, 1936.
ege incivded ) ° -
STATUTE MILES
Fig. 41
A &

i v SO SR SRRy S . ey AT | SR N




i

)

!

&
%
5
£

o
3
i

MM 7

“rry

Puget Sound is a partially drowned, glacially modified, drainage
system. The ncrthern portion of the system is the Strait of Juan de

Fuca and the southern portion branches into thue various inlets or "canals."

The troughs are very steep sided below water level with the general ele-

vation of the floor about 600 feet below sea level and they have a maxi-
mum depth of about 900 feet (see section cn Hydrography). The stream
valleys which enter Puget Sound ere the filled portions of the inlets or
canals. Other iroughs are filled with fresh weter forming lakes, such
as Lake Washington and Lake Sammamish, east of Seattle. See Fig. 4-2
for profiles across Puget Sound Basin.

Fragmentary terraces ranging in altitude from 20 to 100 feet above
sea level are found in many places around the shore of Puget Sound. The
physiography of the Puget Sound area has been described by Fenneman -
(Fenneman 1931). - :

' STRATIGRAPHY

Predrertiary btracigraphy

Rocks older than the Tertiary are not exposed in- the Puget Sound
area south of. the San Juan Islands. Since the pre-Tertiary rocks form
the basement upon which the Tertiary and later rocks have been. deposited
they 2re described here.

: The pre-Tertiary rocks are exposed on Vancouver Island and on the
San Juan Islands. The geology of the San .Juan Islands Has been studied

in detail by McLellan (McLellan 1927). A summary of his descriptions of
the pre-Tertiary rocks is found in Table. k-1,

Tertiary Stratisraphy

The Tertiary stratigraphy of the area has been described by Weaver
(Veaver 1937). The Tertiary stratigraphy has been summarized in Table
4-2, See also Bailey Willis, "Some Coal Fields of Puget Sound,"
(Willis 1898b),

Pleistocene Stratigraphy

" The entire area of Puget Sound south of the Strait of Juan de Fuca
is covered with Pleistocene deposits, except for small areas at Resto-
ration Point on Bainbridge Island, Alki Point in Seattle, the region
around Bremerton Inlet, and the summits of the pre-glacial rock hills
such as Squak Mountain and the Blue Hills.
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The Pleistocene has been studied in detail by many geologists. The
- S most complete descriptions ere those of Bretz (Bretz 1913) and Willis
{Willis 1898a). Numerous papers concerning speclal problems or covering
restricted areas are to be found in the literature, as may be seen by re-
ferring to the bibliography of this report.

Willis considers the glaciation to be :onfluent. He recognized and
descrived deposits of two glacial advances. The earliest glacial advance
was given the name "Admiralty" and the second was named "Vashon." A sum-
‘mary of his description of the Pleistocene deposits is given in Table L4-3.

B e

rem

Sterk and Mullineaux'(Stark and Mullineaux 1950) record the Pleisto-
cene depusits in Seattle as outlined in Teble 4-L.

g

A sequence of strata 18 spown in the Geolugica' Ciuse Doruiln av
the Tacoms Narrows (Fig. 4-3). Typical bluff exposures of Pleistocene
deposits along the shores of Puget Sound are illustrated by the section
at Possession Point, Vhidbey Island (Fig. 4-k). L

"'GEOLOGIC HISTORY ' A ' =

Sy : . . L z
REY . - T : il *

. : The predrertlary history of the Pugeu Sound area. has not been de- :
g scribed. The Tertiary history has been described by Weaver (WeaVﬁr 1937)
' A summary of his report follows. o .

o et ’ ’
T (v P T TS AT g YRR AW
N T
s
. i

The Metchosin volcanics arose through nmumerous fissures and accumu-
lated on the floor of a submerged coastal plain which was being differ-
entially lowered. The coastal plain is. thought to have extended from
Vancouver Island to Oregon during earliest Eocene time. The total amount =
of depression may have been as much as 4,000 feet, but the accumulation
of the flows progressed at the same rate as the subsidence.

. Following the deposition of the Metchosin volcanics the sediments
which make up the Puget group were laid down. During this time the re-
gion was swampy and the climate subtropical. In the latter part of this
time the area to the east was uplifte’ accounting rYor the deposition of
the Chuckanut rormation (Weaver 1937).

5 /
RPN TIPS Y O T | R et PP
/

. Marine waters advanced over the eastern portion of the basin de-
positing the Cowlitz formation. The eastern shore line was variable
during this time as is shown Ly the interbeddirng of marine, brackish
ther, and freshwater deposits.

'
M b B

* . During the Oligocene the area to the east was sharply uplifted and
the westarn portion of the Puget Sound Basin was depressed in an amount
ranging from 4,000 to 8,000 feet, the Blakeley formation accumulating in

. the depression. '
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TABLE 4-3.

-

Pleistocene Deposits of the Puget Scund Area.

GIACIAL STAGE FORMATION DESCRIPTION
Vashon drift Coarse, well-rounded gravel with
g large boulders and sand lenses.
8 Osceolsa clay Horizontally stratified clay and
a fine sand.
> Douty gravel Coarse gravel with boulders to L
' feet in diameter.
————— b — — — — — -Unconformity — — — — — — — - |
. %&'up sands Deltaic sends
par | Orting gravel Coarse, orange-colored sands a.nd -
o ﬁ ok gravel.

' g Admiralty clay | Minutely stratified blue clay and

=< fine sand with gravel lenses.

- Teble summarized from Willis. (Willis 1898a).

TABLE 4-k.

Pleistocene Deposits in Seattle. = =~ -
GIACIAL | : .
STAGE FORMATION THICKNESS ' ~ DESCRIPTION
| vashon t112 | 125 feet | sand, cley and coarse rounded
pebbles and cobbles.
§ Medium grained sand with gravel
9 : lenses channeled by streams.
> Lawton 250 feet laminated and massive clay.
Clay and interbedded silt and
sand.

e o mfm v i o oo e e e~} EYOB10L BUrfBCE— e - =
s, Duwamish 225 feet Pect and silt at tcp, silt and
! . | fine sand, missive blue cisy

g at bottom.
E Beacon till. 75 feet Clay and silt with munded
- — - {Base not pebbles and cobbles. :
' exposed)

Table summarized from The Glacial Geology of the City of Seattle
(Stark and Mullineaux 1950). -
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The shore line had retreated to the west by the beginning of Miocene
time. Dilastrophism at the close of the middle Miccene formed major anti-
clinal and synclinal warps which had a trend of N. 75° W. The Olympic
Mountains were probably elevated for the first time. They consisted of
ridges which trended easterly apross the middle portion of the Puget
Sound Basin to the Cascade Mountains. The uplifted ridges were eroded
and leveled during the late Miocene and early Plioccene. :

Reglonal diastrophism affecting the Pacific Coast of North America
occurred during the late Pliocene. The Coast Range and the Cascade
Mountains were elevated, the Puget Trough was lowered. The mountain
ranges and the intervening trough were superimposed on the older northwest-
southeast trending folds. Followiang this uplift of the Cascedes the vol-
canic mountains, Mounts Hood, St. Helens, Adams, Rainier, and Baker came
into existence. , .

The Pleistocene is represented by the deposits of two glacial stages
vhich are presumably the eguivalent of the two final glacial stages of
eastern North America. The earliest glacial stage has been named the

B Admiralty by Willis and he applied the name Vashon to the second of the
-.-glacialstages (Will1s 1899). - .In another paper Willis described. the
- glacial deposlu of Puget Sound (Willis 1898e). . Tty

L

Bretz, in a more recent paper, has described the glacial history in
detail (Bretz 1913). He considers both glacial stages to be due to lobes _

' of the Cordilleran ice sheet which advanced from the north. Admiralty

—drift has teen found bencath the Veshon termipal moraine, but in no case
ndas it been found beyond it. In the southern part of the area, the bulk:
‘of the materidal from the Vashon glaciation consists of outwash déposits,
which filled the valleys that were formed in the interglacial time. 1In
‘the northern part of the area, the ground moraine is only a thin mantle
covering the pre-Vashon topography. In some local areas the Vashon drift
is sufficiently thick to obscure the interglacial, stream-formed topogra-
phy. The Vashon glacier deepened the old truak valleys, but these valleys
are found only in the deeper portion of Puget Sound.

As the ice retreated northward a series of glacial lekes formed ‘be-
tween the ice front and the drainage divide to the south. When the
basins filled thev coalesced to form & master lake which has been named
Lake Russell. After thé ice melted northward to the point where the
Strait of Juan de Fuca was opened, the basin was inveded by marine water.
At that time the area was 250 feet below its present elevatioa, :

Since the disappearance of the glacial ice the area has been upralsed
and tilted down to the south. The axis of tilting is thought to be south
of the city of Seattle (Stark and Mullineaux 1950). The evidence for
this tilting is seen in the upraised beaches to the north and the drowned

valleys in the south.

13
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i . The uplift has been suggested as a possible cause of landslides in

| - : the Puget Sound area (Hennes 1936). The gradational contact between the
' lover clay phase and the upper sand phase of the lawten formaticn is the
: usual seep line on the steep hill slopes which are subject to landsliding

j : (stark and Mullineaux 1950).

[ GEOLOGIC. STRUCTURE

The structure of the Puget Sound area is the result of two periods
of diastrophism. The earlier deformation occurred during the Miocene
and formed anticlinal and synclinal folds which trend from N. 60° W. to
: 75° W. The major upwarps are in part responsible for the present houn-
1 ' tains of Vancouver Island end the Olympic Mountains. The Strait of Juan
i o de Tuca occupies the synclinel trough.. Toward the close of the Pliocene
] ' two major north-scuth trending uplifts and én intervening depreasion

‘. - were Yormed. The uplifts formed the Olympic and Cascade Mountains and
: : ‘ the depression is occupied by Puget Sound. The depression of Puget

.- Sound is vartly the result of downward faulting but its depth is due
. largely to erosion.

Coal is at present the most important economic product. The coal
- fields are found in the east side of the basin and the coal is confined - S
. "to the rocks of thé Puget group. Willis (Willis 1886) made the first. T
detailed report on the coal field. Most of the coal is bituminous, or
sub-bituminous, but coking coal is found in Pierce County, and anthraoife
- is produ ced in Whatcom County easi of nellingham

' Green (Green 1947) states that the coal production during the year
= 1946 was as follows: King County, 316,294 tons; Pierce County, 14,580
tons (including coking coal}; Whatcom County, 109,000 tons of anthracite.

e too high in phosphorous for some industrial uses, such as the ferro-
RS JETE- T o alloys and calcium .carbice. The ash content_in the coking coals is so

: : . high that coke made from them runs close to 18 to 20 -per cent ash- (Lund :
' ' snd Sullivan 19&7) Y

!
!
¥
: i '
’ 1 . Coke made from coal of Pierce and Kittitas Counties is generally
! 3
t
[

i e Sand and gravel is produced at many places in the Puget Sound area
b ~ (Purdy 1952). It is now perbaps the most valuable economic product.

0il has never been produced in the area even though more than fifty

. ) wells have been drilled in the immediate vicinity of Puget Sound. Most
] ] of the wells are less than 2,000 feet deep (Glover 1947).

1k
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- SOILS

The scils of Puget Sound Basin were developed from glacial materials
which were deposited on a bedrock surface. The glacial materials are
largely outwash sands and gravels with smaller amounts of ground moraine
and isolated patches of lake and swamp deposits. The mantle of glacial
deposits is generally less than 50 feet thick in the northern part of

the basin and more than 500 feet thick in the central part again thin-
ning to the south.

PR et Lol i

The soils of the aree have been the subject of early reconnaissance
surveys (Mangum 1911, 1912) but only certain ureas have been studied and
mapped by modern methods. Several surveys are in progress and in some
ol e _ cases the reports are in menuscript form.

' .The most extensive group of soils are those of the terraces and up-
! -t lands. These timber-covered soils which extend over more than half of
i the area are stony and gravelly with consolidated subst'ata.° The moat

. ' stream valleys and 1ake beds. They cover about one-fifth of the aree

e ot and are found on:the east side of the basin. About 90 per cent of the © - ql
: © % - ggricultural soils are under cuiltivation.: They are composed of silts ?”, A ¥ oS
. .- &@nd loams with unconsolidated substrata._ = T

' ,L, . The Bellingham area ol Whatcom County is- covered with silty, sandy
N - or stony loam, but small areas of clay, swamp and marsh s6ils occur in
,‘the area (Mangum 1907). '

Iy e ) .

e . : : * Island County soils are mostly coarse or stony sands which support-*
~ ] dense stands of timber. Minor amounts of peat, 1oam, and clay soils are
l % o found in scattered patches (Carr 1905).

N
2 SR

g In Snohomish County the soils are gravelly loams which are timber "
O covered. The agricultural scils are the loams and siits of the stream : .

) valleys and lake veds. Most of the soils are podzolic having developed
R R _ in a forested region of cool, moist ciimate (Anderson 194T). -

About 60 per cent of the area of King County ie covered with soils
of the uplends and terraces. They are good forest goils. The main agri-
cultural soils are the loams and silts of the river valleys and lake beds.
These soils cover about 15 per cent of the area of the county and about

90 per cent of their area is cvltivated (Poulson and others n.d.).

Most of Kitsap County has soils developed from a heterogeneous
) mixture of coarse sands and gravels with small amounts of silt and clay.
In much of the area these soils have developed a layer of hardpan a few
feet below the surface. Soils suitable to agriculture are of small ex-
tent and mincr importance (Wildermuth 1939).
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AP N T ' RECENT SEDIMENTATION

3

1

_ !
i BOTTOM SEDIMENTS | !
:

!

The sediments of Puget Sound are derived from the streams which
enter the Sound, cliff erosion, and the erosion of the submarine banks.
The sediments vary in size from clay to cobbles. Muds are found in the
enclosed inlets and in the deeper portions of the troughs below the
; , s§ill depth. Sands are found at the river deltas. along the shores, and
I at the heads of the inlets. In areas of strony tidsl scour the bottom

"R : is rocky. The areal distribution cf the sediments 1s shown in Fig. L4-5.

syt o gt

R -

. k Sedimentation by Rivers

-

Little direct information is available pertaining to sedimentation
n Puget Sound. Indirect evidence points to heavy sedimentation at the

. it
QI T TR

mouths ofi the HBJOI' rlvers, espec:.a..u.y those witn S.LBC].CI‘ fields in

Ao their tributery regions (see section on Hydrology). Maximum gedimenta- - :
' S N tion from, the Puyallup River follows wviolent freshets. A series of : - filru N

*soundings in ‘the Puyallup Watervay ‘at Tacoma folIoving geveral violent . T e
freshets in November 1909, revealed in excess of one million cubic yards . ey

: o of sediment, most of which was brought down and deposited during ope .- u LT

1. . . month of November . Maximum suspended load probably.reaches 10° per cent ' e
g e : - by.weight.and probably. is séldom less than 2 per cent (U. S. Army Corps = '
of Engineers 1932). An examination of Fig. 4-6, Variation in Delta Pro-
file, Puyallup Weterway, will show rate of delta. accumulation and the

- manner in which the material Slbughs'bff into the deeper basins.

bl

-
e iy

f’f,;
|
1
1
)
n
]

I &N
s
4

A | An indication of the volume of sediment transporfed by the Snohomish
River which enters Puget Sound at Port Gardner (Everett Harbor) is exen-
plified by dredging ‘experience of the U. S. Engineer Corps.

] On February 1, 1912, work wes commenced on the project of

' ,  dreGging & channel 75 feet wide and 8§ feet deep at mean lower s

' low water from the Fourteenth Street dock to the head of Steanm-

boat Slough. This dredging was ! ~gun st the Fourteenth Street |

. dock and progressed upstream 7,220 feet to o connection with-

i ' the river channel that went through Steamboat Gep before being 4

Ly closed by the dike, when the work was suspended nn May 22, 1912, ' kg

O ! : on account of lack of funds. Dredging was resumed on January ' ’

TEES PO S ' - .13, 1013, this time beginning at Steamboat Slough and working

' _ downstream. Connection with the channel dredged in May, 1912,

T o was made in February, 191k, but the channel was found shoaled i
|
1
N
p

‘{ to such extent that redredging was necessary over all the
: . 7,220 feet of channel first dredged and it was necessary, more-
: over, to continue dredging southward for 1,600 feet below the
Fourteenth Street dock and beyond the limits of the contract in
order to obtain an 8-foot channel where 26 feet deptr existed
in 1912,

(U. S. Army Corps of Engineers 1930.)
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‘wall cmtimcfod._ in

1934 was complzgol'y dmro_yod- by «-slide

In April 1943,
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- closely addacentngisnnn11v and Duvallup Rivers this vclume of: sediment~_“
-”.'may be deposited in the SOund in an exceedingly snort time s R

Deep Filling

An analysis of Hydrographic Surveys H-1u426b {1870-79) end H-6i04
(1935) reveals possible sedimentation in 100 fathom depths north of
Ketron Island, southern Puget Sound. Survey H-1426b shows soundings of
100 to 103 fathoms while survey H-5104 reveale only a very slight depres-
sion in this vicinity to depths of 91 to 93 fathoms. Other soundings in
depths of TO to 90 fathoms in the area west and north of Ketron Island
on surveyn H-1426b and H-610k are in good agreement and reveal no indi-
cations of merked changes in the bottom. It is the opinion of the Coast
and Geodetic Survey that the 100 and 103 fathom soundings are somewhat
ir. error and that the differences with depths of survey H-6104 are
probably not predomipantly the result of filling. The sounding records
of survey H-1426b were examined for errors in recording and plotting
and none were found (u. s. Department of. Commerce Coast and Geodetic
Survey 1953). : :

Referring to Fig. 9-9 which nhovs bottom at 103 fathoms in the

Ketron Island area one may calculate that the filling required to di-
minish the:.depth 12 fathoms is about 3,800 000 cubic yards. With the

Scour and Flll : ’ : =

Examinauion of Fig.-h-s, Bottom Sedikents of Puget Sound, will im- -

-medietely show rocky areas where swift tidal currents scour the ‘bottom.

Fill areas “ppear noticeably at the. mouths of rivers.

Rate of Sedimentation

The rate of denudation of the area which supplies sediment to Puget
Sound indicates an overall rate of sedimentation of about O.4 millimeter
per year. Radioactivity measurements in Skagit Bay indicate filling at
the rate of 0.58 millimeter per year (Blank 1950)

{echanical Analysis of Bottom Cores and Shore Sediments

- Analysis of cores taken across the Sound in a line from 4796.5°" N,
122°928.9' W to 47°47.5' N, 122023 9' W indicates that the sediments
changé from finer sends on the west and east slopes of the channel to
predominantly silt and clay at the greatest depth near mid-channel. The
ratio of silt to clay ‘incrzases with decrease in sand content, or geo-
graphically from the sides toward the center of the chesnnel. See Table
k.5 for Mechanical Characteristics of Bottom Cores (University of
vashington Department of Oceanography 1952b).
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TABLE 4-5. Mechanical Characteristics of Bottom Cores Taken Across
Puget Sound Lying Betwsen Positions 47%46.5' N 122928.9' W
and 47°47.5' N 122023.3' W.
i
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Ratural Radjoactivity of Bottom Sediments

The radium content of bottom sediments collected at various ioca-
tions in Puget Sound and adjolning watiers over a depth range of 15 to
1,500 feet k=4 been determined by Utterback, Sanderman, and co-workers
(Blank 1950; Burcham 1942; Creager 1948; Reinertsen 1947; Sanderman and
Utterback 1941; Utterback and Sandermen 1938, 1948; wWilson 1942). The
analyses are summarized in Table 4-6. Unless otherwise indicated the
values are for grab. or core samples and are reported on a dry weight
oasis.

The radium content of aediments in the region from Puget Sound to
southeastern Alaska vary from O. 16 x 10712 o 1.57 x 10~12 grams of
radium per gram of dry sample with an average for core samples in the
Puget Sound area of C.5 x 10-12 ¢o 0.6 x 10712, concentrations in -
glacial-fed inlets of southeastern Alaska average over twice that for
the Puget Sound area. The radium content of these coastal and near-
shore sediments appears comparavle to that of rocks in the vicinity or
in tributary. drainage basins. Studies for the variatior of radium con-
tent of the sediments with grain size .end geological charactier of the

sediment, for depth within the cores, and evidences of “bioclogical con- *ﬂ -

centration, ‘have not as yet shown a.ny definite patterns loca.lly useful
- for ‘identifying the sediment’ la.yers or esta.blishing the origin, and °
' movement of the sediments.

The uniformly low values of the inshorc sediments are in contrast-
to higher va.lues averaging about 8 x 10~12 with a range of 1.9 x 10~
to 21.4 x 1012 g. Ra/g. sample reported for 16 offshore sediment
samples collected by the CARNEGIE in the North Pacific (Piggot 1933) |
and to the lower average value of 8 x 10™*? grams of radium per cubic
centimeter of water reported for sea water off the California coast
(Evans, Kip, and Moberg 1938). Redium analysc:; cf local waters from
the vicinity of "San Juan Islands show & radium concentration of 5 x 10°25
grams of redium per cubic centimeter of smat:r (Devaputre, Thompson, and
Utterback 1932) and 6 x 10717 grams of radium per cubic centimeter of
water by more refined analytical methods (Evans, Xip, and Moberg 1938).
Accepting the latter figure the locel sediments contain about 10,000
times the radium concentration as the overlying water.

-

Special Studies

In certain areas of Puget Sound anomalous conditions exist in whick
coarse materials by-pass finer sediments and move into the deeper basins '
leaving fine sediments on the slopes.

The University of Washington Department of Oceanography, as author-
ized by the Bonneville Power Administration, is currently [1952] studying
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the sedawents of Puget Sound in comnection with & proposed cable crossing
between Point Wells and President Point. The Puget Sound sediments are
also being studied by Mr. Frank wang of the Oceanographic labouratories

of the University of Washington, and will be described in detail in a
forthcoming doctoral dissertation.

SUBMARINE SLUMPING AND LANDSLIDING

No work is known to have been done in Puget Sound onr the problem of
submarine slumping and landsliding. The only major investigation known’
to be in progress is the one currently sponsored by the Bonneville Pocwer
Administration for the Snohomish-Kitsap Submarine Cable Crossing. '
Quoting in part from an unpublished report the following problem is out-
lined: .

Soundings and profile obtained across the ?uget Sound
Channel opposite Richmond Beach now show a portion on both
sides to have an abnormally steep slope, approacning 1 on
1 1/2. Core sampling definitely indicates a bedrock for-

. e mation knowvn-as- the- dmirelty clay, to be exposed on & por-. . - -

tion-of this- slope. ’ Thesé banke’ cre .too steep for water
saturated sediment tc =2ccurmlate and a limited amount of =
sloughing or submarine . landsliding tmdoubtecny may take - .
place vhenever the qua.ntity of muck becomes too great.

- (0., s Dept. of the Interior Bonnevtlle Power Administration 1952)

The .report further states that these steep banks may represent a
line of old shore line cliffs, now flooded by the regional rise in ocean
level. Additional evidence could be interpreted suggesting that these
steep slopes represent lines of intermittent displacement or fault rift
coincident with earthqueke tremors-in the Puget Sound area (Newcomb
1949). See section on Seismology.

ALONGSHORE TRANSPORT

Tranaportation alongshore ‘often beg..ns in- drowned valleys, such as
Puget Sound, during the adolescent stage of development. As the supply
of sediment from the rivers and shore erosion increases beyond the ctege
of immediate deposition transportation alongshore will commence and t;r:fz
growth of forelands will tn.ke place.

‘Tidal Cusps Ee

Numerous examples of tidal cusps are to be found in Puget Sound.
F. P. Culliver (Guiliver 1898) describes the cuspate forelsnds and

§ er————

PR




being in sever_al categories of

constitute textbook examples.
yill reveal wmany

alongshcre features of Puget Sound as
which the V-Bar and lLagoon-Marsh type
amination of the U. S. Coast and Gecdatin Survey charts
examples in addition to those shown by Gulliver.

Ex-

Chart 6405.

; V-Bar: Walan Point, Kale Point

: : lagoon-Marsh: south of 'Pt. Hudscn
at Port Townsend,
Pt. Wilson;

Spit:

gouth of Indian Island.

| ) Chart 6421.

north of Marrowetone Island,

Chart 6422.
1agoon-Marsh:
spit: Long Spit.

Broad Spit;

Chart 64LS.
V-Bar: Polnt Monroe;
Tagoon-Marsh:
Point Jefferson, Meadow
Point, President Point;

“est Point,ug__.

¢ . Lagoon-Marsh: west of Foulweather spit: Miller Bay.

Bluff;
narth of South Point;
Hocd Head.

! ' Spit: Chart 64b6. P
] ' ~ Tombolo: lagoon-Mersh: Point Williams.
R _ - Chart 6461.
iianetclodl Sl e s g m D S LR - Tombolo: Steamboat Island.

e

hore - -

I
1
|
|
|
|
|
1
I
|

Puget Sound offers an excellent opportunity to study these s 1

With the aid of Topographic Survey charts. of. the U. S. Coast

and Geodetic Survey, the progress or evolution of these features may be o

easily traced. Should this be undertakén, much insight may be - had on -

the problem of the overall sedimentation rate in the Sound. i o B !
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' : : ' Internationa.l pour L' exploration de 1a Mer, vol 7, no. 3,

pp. 358-366. .

(Sea Water is from the San Juan arcmpemgu.

Aoh h Lol % » Dillel‘, Jo Sp Gnd Others A :
- '"*"“._' B "“""“““"“*““1915 —Guidebook- of -the" Weatem {}nitoa Sta.tes, Part‘D,_The shas,

. : RN _ Route and Coast Line. U. S. Geolagrcalvs.nm.-y, Bulletin 516;?“
o T SR ' e 611&, pp.'ll-l2 footnote.

» ) '_ ST . : (A good sumary of the Geoiogy of Puget ‘Sound, ) = e

. Dole, R. B. “atid Herman Stabler

.1909. Denudation. U. S. Geological Survey p Water-Supply*Paper 23h
- pp. T8-93. . .
(Containa ﬁgures for “the Puget Sound dminage basin.)

ik

'
Bl

Durbam J.

' 191+8— --Mega.aunal Zones of the Oligocene of Northwestern hs.shington
. California University Publications, Bulletin of Geological
Sciences, vol. 27, pp. 101-211, illustr., map.
(Mainly councerned with fossil descriptions and faunal lists
but includes a detsiled geologic map of the Pori Townsend ares.)

e, e i et i 5, S

la .—'_.*~&- i- - ——

S S _Evane, George ¥, :
: R 1912. The Coal Field of l{ing County. Washington Geological Survey,
Bulletiam noc. 3, pp. 1-24T.

(Contains a description of the geology of the coal. )

.

et

‘Evars, Robley D., Arthur F. Kip, and. E. G. Moberg

TR o o - 1938, . The Radium anc. Raden Content of Pacific Ocean Water, Life 5 a.nd

L e

e Sediments. American Jjourmal of b(..l.cuu:, )vu Get s, welks 05,
:‘ : no. 21k, pp. 241-259. -
: (Includes velues from Puget Sound area.)
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Fenneman, Nevin M. , ’
193Li. Pnysiograpny uof Weatern United Stotes. Mefraw.Hill RBRook Co.,

New York, pp. 4l3-bS5k.
(A good physiographic description of the Puget Trough and Puget
Sound. and system of formtion.)

Flint; Richard F.

1947. Glacial Geology and the Pleistocene Epoch. John Wile"y and
°  sons, Inc., New York, p. 22k and p. 299.
{Brief survey of °uget Sound area taken from the older refer-
" ences. ) ]
Fussell, E. B. s e
1950.  Seattle 15,000 Years Ago ‘Thé Seattle Times, Su..day, December ok,

1950. .
(A popular account of the glacial ‘history of the area compiled
from the vork of t‘ne C.eolonor Department of the University of

Washington. )

- n

. Physical Geography ‘of" the Northwesterxi Bormdai‘y"o’t the United
Journal of the American Geographical Society of Rew
‘York, vol. 3, pp. 134-157. ~

. ~(pescriptions of the mounds, sections of Puget Sound dri t snd
elevated mrine terraces. )

. 1873:.

Glover, S %, :
1935: - 0il ‘and".Gas Possibilities of Western Whatcoxn County. State of
Washington Depaptment of Conservation and Development, Division

of Geology, Report cf Investigation no. 2, 69 pages..

Preliminary Report on Petroleum and Natural Gas in Washington.
State of Washington.Department of Conservation and Development,
Division of Geology, Report of Investigation no. k, 2k prges,
bibliog.

" (Includes &x outline map of the state-showing the locations.of .
areas - favomble and \mfsvorable for oil production.)

1936.

T L ——

7. Oii and Gas Exploration in Washington.
Division of Mines and Geology, Information Circulir no. 15,
pages, sketch maps.

‘(Includes the history of oil and ge.s exploration in Washington.
lists the wells drilled in.each county, well name and loc.stion,
drilling date and depth of well. )

_r—'
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P O . Gotlschalk, L. C.

! 1942. Kotes on Reservoir Silting and Suspended-load Measurements in

- wWashington. U. S. Department oY Agriculture, Soii Conservaiivia
- . Service, Special Report no. 2, Sedimentation Section, Office

A ' ' .‘ of Research 15 pagea , map, tables (mimeographed) _

% Green, S. H.. i : .

' 1948. cCoal and Coal Mining in Vashington. State of Washington.
Divisiofi of Mines'and Geology, Report of Investigation no. kR, i
41 pages, illustr., bibliog. i " g
(Describes the general qualities of the coal, methods of g
mining and the location of properties operating in 1946.
Sketch map of tbe principal coal produeing areas of the state. )

PYE T RO

N T T Gulliver, Frederick P. . . . _
e . - S 1896: Cuspate Forelands. Bulletin of the Geological Society of . o g
T . . i America, vol. 7, P- 399-h22. '

H I
} {Discussion includes emamples from Pugtt Scund which hes mamy -

representetive forms and classical examples of tidal cusps in
.va.rious stages of mtur;ty ; . 2 . e

e

o oA LT Hansen, H.P. .. : ; 5 ES
¥ e N e e 1938.— P.pstglacial Forest Succeaaion énd climte in the Puget Sound. e SRS AT
E ERR A -  Region. Ecology, vol. 19, pp. 528.542. Sl BN 18]

o PR " . {Includes a sketch map o the area, tables of the percentages
i G ¥ rss of principe.l. types of pollcn, and literature.cited. ) ,

A

- 1941. PFurther Studies of Post-Pleistocene Bogs in tue Puget lowland - .

1 ’ of Washington. Bulletin of the morrey Botany Club vcl. 68, . ..~ . 5
| pp.’ 133-148. : |
' ' (Includes tables of the percentages of fossil pohen, and
" - " litera.ture cited.) ) '
1

|

]

! 1943, A Pollen Study of Two Bogs on Orcas Island, of the San Juan
i : © Zslands, Yeshington. Bulletin of the Torrey Botany Club,

] Y, i S =N , _.vol, 70, pp. 236-243. .

4 (Includes pollen lists a.nd ‘reference to- the literatare cited,) |

AT B 19ir?.“—Postglacial Forest Succesuﬁ.mr,—eiimte —and—ehrene}egy in—the— -2 L !
| Pacific Northweat. Transactions of the American Philosophizal -

T > ._ Society, vol. 37, 130 pages, illustr., bibliog., index. | 0
i (The most camprehensive work on the subject ) , :

. 1 Hansen, H. P. a.nd J. H. Mackin '

i ;. 1940.- A Further Study of Interglacial Peat from Washington. Bulletin

: 1 of the Torrey Botany Club, vol. 67, pp. 131-1k2.
I 3 (Intrrpretation of former climte from studies of peat deposits.
P ' : “in the HMarine Hospital section of Beacon Will, Seattle. )

i e 2 .
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Hansen, H. P. and J. Hoover Mackin

1949.

A Pre-Wisconsin Forest Succession in the Puget Lowland,

gashington American Journal of Science, vol. 247, pp. 833-
55

(offers a description of the Possession Point and Everett
Gorge cliff exposures. Discussion of the forest succession
and climatic changes from the Pleistocene to the present.)

Hertzler, Robert L.

1953.

' Hennes, Robert G. .

1936.

1525.

Johnston, William A.

1g921.

Legacy of -the Ice Age. The Seattle Times, Sunday, Marck 8, .
1953. i

(Describes Pleistocene sand and gravel depoaita of the Puget
Sound area. ) -

N
-t

"Analysis and Control of Iandslides. Engineerin'g Ebcpnriment

Station Seriews, u.Llet.J.n no. yJ., Universlity of nuamngwu,

Seattle, 57 pages.
(A comprehensive study of J.a.ndslidea and factors mﬂuencing

‘their occufrence beged. on gample’ analysis _from Seattle glide: _-_.y_.,.._.-‘_.,_,

areas. - The statement is made that observation suggests that .
uplift is the .most conmon cauce of alidea in the Seattle g
region. )

i Hertlein, L G. and C. H. Cricknny

A Summary of the Nomenclature and Stratigraphy of the mr;ine

‘Tertiary of Oregon and Washington. - Proceedings of the

American Ph:i.loxsophica.1 Society, vol. 64, no. 2, pp. 22k<282.

Olaf P.

Geological Inveatigation of the Coal Fields of Vestern Whatcom
County, Washington. State of Washington Department of
Conservation and Development, Division of Geology, no. 28

135 pages. .

Geological Investigation of .the Coal Fields of Skagit COunt'{r:— S
VWashington. State of Washington Department. of Conservation - -

“and Deve]:opment, Dlvisxon’of‘ceology‘ Bm‘.letin*no. 29——‘163 i

bages.

.

A Late Pleistocene Readvance of the Ice Sheets in the Vancouver
Region, British Colimbia (abstract, with discussion of
Pleistocene in Vhatcom County by J. H. Bretz). Bulletin of the
Geological Society of America, vol. 32, pp. 51-52.
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. Keyes, Charles R.
1915. Exhumed Sea Coasts. Proceedings of the Iowa Academy of
Sciences, vol. 22, p. 272: also in, Science, new series, -vol.
41, p. 950. (Abstract.)
(Includes Puget Sound area.)

; Kimbell, James P.

1897. Physiographic Geology of the Puget Sownd Basin. American
g ‘Geologist, vol. 19, no. %, pp. 225-237, no. 5, pp. 304-322,
I (Much information on sequences during the Pleistocene.

R  Stratigraphy and glacial geology of the Puget Sound Basin.)

1a Motte, R. S. : 2 .
19314» Barly Tertic Sequence in Vicinity of Seattle. Pan Americen
" Geologist, vol. 61, p. 376. (Abstract.) AR

Lander, F. W.
1856. Synopsis of & Report of the Reconnaissance from Puget Sound,
via South Pags, to the Missisgippi River. In Explorations:

iy and Surveys for a Railroad Route from the Missiseippi River
ot R -.to the,raci ] Ocean, Pacific Railroad Reports~ vol. 2, War
-.":‘- ooty i, 5l .._De E i T ; o .:-_..'.L_-'_.‘ i :
o= - (Geographic descripticn-of the topography of. Puget Sound = s
S  Basin. Mainly concerned vith problems affecting the route of "'“f'""""_
b T e g e the proposed ra‘lroad.) e

o 2 M . A 5 3 N &

Landes, Henry -

Lo 1901. Physical Geography and Geology of Wa.shington ‘State ‘Bureau . e il
T ey " of statistics, Department of Agriculture and Immgration, : RS e
B ; : Olympia, pp. ¥3-Th.. | Smalnt SRR

- -

(Describes the topography and geology.of the ‘Olympic. Mounta.ins, -
Puget Sound Basm, etc., general articlee on Puget sound.) . o
1002. : An Outline of the Geology of Washington. Washington Geological -
Survey, Annual Report for 1901, vol. 1, part 1, pp. 9-33. :
S . (Contains an outline of the physiography of the Puget Sound
S - Y- W IS

5
s
b P

LeConte, Joseph R { -
1873. On the Great Lava Flood of the West “and on the “Structure and e

Age of the Cascade Moxntains. noceed.ngs of the Celifornie ' '

, Academy of Sciences, vol. 5, no. 1k, pp. 21Lk.220.

1874. On the Great lava Fiood of the West, and on the Structure and
i - Age of the Cascade Mountains. Arerican Journal of Science,

o NE o5 vol. 7, mo. 40, pp. 259-367.

- R : (origin of Puget Fiords and on mounds. minly concerned with

i : the Cascade Mountains and areas to the east.)

-
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Leighton, M. M.
1918. fThe Country About Ce.mp lewis. Washington Geological Survey,
Bulletcin uno. .l.l), i0) pegses, .L«sa.unt:., bibl*"" indoy.
(A coxplete physiographic and climatological report , and
includes a chapter on the relation of the geology of vestern

Washington to measures oFf wilitary dcfenze.)

Leverett, Frank - .
1917. Glacisl Formations in Western United States.

Bulletin of the - S

- Geolvogical Society of America, vol. 28, pp. 143-1hk.

(Abstract.) -

(COrrelation of the e.ge of the Vashon a.nd Adniralty tills.)

Loney , Robert A. z
1951.

J. Hoover B o e
1937.. Eastern Margin of the Puget G]acia.l Lobe. Proceedings of tlie-e L
S Geolog:.cal Society of Americ,a._, vol 50, P- 21&8 ' _ .
1941. Glacial Geology of the ’Snoqualmie-Cedar Area, Washington. g g
Journal of Geology, vol. 49, no. 5, pp. Wh9-L81. e e I
(Discussion of the relation between Pleistocene a.lp:l.ne gla.ciers A L
of the Cascades and the Puget lowland glacier.). :
1948, Poaa,ibIe Sun-spot Cycle in Pre-Wisconsin Varves in the Puget
Sound Area, Washington. Bulletin of the Geological. SOci"tY i :
of Amrerica, vol. 59, no. L?., part 2, p. 1376. (Abstract Y- ) .
Mangum ‘A. . and T B Hurst

1907.

S _“‘—.J"')aruucuv ot Y

. J. and J. D. Sullivan

i :"of ‘the State ‘of Washifigton
oil, -gas, electricity, e.nd atomic energy as &

xceology of the Crescent Bay Area, Olympic Peninsula, Wa.shmgton.

Thesis ) University of Washingtion, Seattle, Waahington 113 pages. :
Survey Report of Washington Fuel Reaquirements. Ba:telle'Memoi'ial
Institute, Columbus, ohio. o s
~-{A comprehensive survey of the fuel supplies and requirements T

Includes discusaiqn-',pf arood., icoal,
omic of; fuel )

i CEEL T St iy

Soil Survey of the Bellingham Area, Washington. U. 8.

: Biareon of nM)_;__(Nint.h Rebort) )
pp. 1015-1049, sketch ‘map, tables of mechanical analysis, soil '
map,.1:62,500 (in color). .
(Description of the soil types of 304 square miies in norih-
western Whatcom County. Includes sections on climate, agri-

culture.l development , physiography and geology.)

g, -‘\.‘ an\ J-ueoo,
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Mangum, A. W., and party

1511, DPeconnaisgance Snil Survey of the Eastern Part of the Puget
Sound Basin, Washington. U. S. Department of Agriculture,
Bureau of Soils, 90 pages, illustr., meps, also in--Field
Operations of the Bureau of Soils, 1909 (printed 1912), pp-
1517-1600.
(Description of the major soil types in an area of 3,476 square
miles which extends from Canada to the south boundary of
Pierce-County and includes all townships west of R. 7 easi
except those in Pierce County that are vest of Puget Sound.
includes sections on climate, floras , physiography and geology. .
Soil meps, 1:125,000 (in color), Bellingham sheet and Seattle
sheet. Land classification maps, 1:125,000 {in color),
Bellingham sheet and Seattle sheet.) -

1912. Recomnaissance Scil Survey of the Western Part of the Puget
 sound Basin, Washington. U. S. Department of Agriculture,

Bureau of Soils, 116 pages, illustr., maps, ‘also in--Fielid -

Operations of the Bureau of Soils, 1910 (printed 1912),

S e -

" (Descriptions ot the mjor-soil types in o arcacf k288 .
i sqgg.re"—hile'"s;'ﬁlhiét,\imlude.s-".3-11- .of “Sen Juen, Island, Kitsap

and Thurston counties, and parts of Chehalis, Jefferson, -
Clallam, Mason and Pierce counties. Includes sections on- .
climate, floras, physiography and geology. Soil maps, 1:125,000
N {in color), Olympia sheet and Port Townsend she=t.. " Land clas:
‘o~ - gification meps, 1:125,000 (in color), Olympia sheet and Port.
Townsend sheet.) T . '

. Mclellan, R..D. . . . ' T
1927. Geology of the San Juan Islands. University of Washington
, Publications in Geology, vol. 2, 185 pages, illustr., bibliog.,
index, geol. map, 1:62,500. T : :
(Detailed description of the geology of the aree.)

McMichael, Lawrence B. i o
1944, Geology of the Northeaetern Olympic Peninsula. Thesis, e
_ University of Vashington, Seattle, Washington, 3L pages.
(0ffers complete descriptions of the formations.} .

Misch, Peter : ' i R S '
1952. Geology of the Northern Cascades of washington. The Mountaineer,
" vol. 45, no. 13, pp. 4-22, illustr., geol. mep. . - :
(Discuss’ng the ares with geologic history; .comprehensive.)
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Newberry, J. S.
1884. oOn the Origin of Puget Sound, and Its Connected System of
Tideways. Transactions of the New York Academy of Sciences,
vol. 3, p. 104. (Printed by title only.) i
(1dea that the fiords were glacielliy eroded by northward
flowing ice.)

Newcomb, R. C.

1911»9. Cround-Water Resources of Snchomish County, Washington. U. S.:T.

Department of the Interior, Geologiral Survey, Tacoma,
Washington. Released for office use and limited distribution
cnly. (Unpublished.) .. . -
(Comprehensive hydrologic report ‘of the area. )

- Norum, Birger e = or R

1910. The Geology of the Southweatern Portion of the Stillaguamish
Quedrangle. Thesis, University of wd.shmgton, Seattle, .
Washington, 20 pages, illustr. geol. map, 1:31,250.

_ . . ' (Regional geography and geology. Description of the geology of -

approximately 70 square miles including sections on stratigra-
,pgy‘, structure, petrology and econonic geology.) - o :

'Donnen Gretchen""'

1913.. Bibliography of Washington t2siony and ceography.' Hashington LR

Geological Survey, Bulletin no. 12, .63 pages.

_Palmer,R n.-' ' ' -

19279.. Geology. and Petroleum P0551bilities of the. Olympic Peninsula. P

Washirgton. American ASsociation of Petrcleum Geologists, ’

(Description of the geology of the northwest portion of the -
Olympic Periinsula [from Port Angeles to Cape Flattery]. )

1927b. The Hoh Formation of Washington. Journal of Geology, vol. 35,

(Description and delimitation of the three members of the Hoh.

formation of the Olympic Peninsula.)

Park, C. F., Jr.
1950. Structure in the Volcanic Rocks of the Ulympic Peninsuis,

washivgton. .
61, no. 12, part 2, p..1529. (Abstract.).

Piggovz, Charles 8.
1933. Radium Content of Ocean-Bottom Sediments. American Journal of
Science, 5th series, vol. 25, no. 147, pp. 229-238.
(No information on Puget Sound, but provides values for various
deep ocean locations useful in interpretation of local data.)

39

S a L TP S SV SR S LJ&J"' RO TN B % PO W

T et ol - —e————

"Bulletin, vol. 11, part 2; pp. 1321-1328.°

Tulletis of the Geological Soclety of America, vol.




Poulson, E. N., J. T. Miller, R. H. Fowler, and R. D. Flannery

n.d. Soil Survey of King County, Washington. Manuscript on file at
the Renton, Washington office, U. §. Department of Agriculture,
Bureau of Soils, 202 pages, iilustr., sketch mAps, 801l map,
bibliog.
(Description .of the goils of King County, with sections on-
history, climste, agricultural development, physiography and
geology. )

Purdy, C. P., Jr. ;
1952, Directory of washington Mining Operations, 1952 State of -
Washington Department of Conservation and Development Division -
of Geology, 01ympia., Washington.-

'Reagan, A, B. b et e R

1907. Some Geological Studies of Northwestern Washington and Aa_‘ja\wm e
‘British Territory. Transactions of the Kansas Academy of =

Science, vol. 20, part 2, pp 95-121, illustr., gsketch map., - - =

{A Gescription is given of some FPleistocene and recsnt features. -

of the region between Bellingham and the International boundary )

n

I . :
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t

i ~._..J.g\:)sn__ewne Notes. onwthew01ympie_Eeninsu_ﬂ,-ybshiégton,__Iransaction

“of the Kansas Academy Gf-Sciences,. vol..22 -pp. 131-173,
413nstr.,. previous literature. - :
. (Includes sec¢tions on history,’ vegetation, soils N Ivd.rography,

towns and harbors, and. geology with sketch maps 5 fossi lists
and descriptions ) . E )
' : = L i E - g (ST, : -;.. /1.
Reinertsen, Robert W. :-' ) ' Fss : e ' &”“
'1947..  Radium Content of a Core: Sample Taken from Ea.st SOund. Thesis, s L
: University of Washington, Seattle » Washington, :33 pages. L ; s

Richardson, J. o
1878. Report on the Coal Fields of Na.naimo, COmox, “Cowichen, Burrard
Inlet, and Snook, B.C. Geological Survey of Canada, Reports
of Progress 1876-T7,. PP- 160-192. .
(Includes geologic map and structure sections of portions of
British Columbia minland and the south and east sides of
Vancouver Ialand )

thnaburzer Willerv : - R e
1950. Ice-Modeled Harbors of Puget Sound Ports. Annals of the ) _4
Association of American Geographers, vol. kO, ro. 2, p. 136. S ey T
(Abstract of paper reviewing geological seq_uences in the for.

mation of Puget Sound to“ogre.phy )
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Io- Roth, Robert I. . !
{ 1525, Goclcgyof £hE CEnkral Part of the Mount Vernon Quadrangle. i
. _ ‘Thesis, University of Wwashington, Seattle, Washington, 66 pages, =
S ‘ 11lustr., bibliog., geol. map 1:31,250. :

(Includes geologic history of the region.)

sanderman, L. A. and C. L. Utterback .
19%1. Radium Content of Ocean Bottom Sediments from the Arctic Ocean,
Bering Sea, Alaska Peninsula, and the Coasts  of Southern
. Alaska and Western Canada. Sears Foundation: Journel of
Marine Research, vol. Lk, no. 2, ppo. 132-1ki. 70
- (Includes values from Puget sound. ) .

’

N Seeger, H. L. : el : : :
B Y ~1936. = Die Pazifische Kiistenstadt Seattle, [in] Amerikanische a
i R g o 4 " landschaft (Erich von Drygalski, ed.). Walter de Gruyter
: . - : and Co., Berlin, pp. 466-530, illustr., sketch maps.

(An account of the geography, physiography, ‘geology, ciimais,
natural resources, eand history of development of Seattle -and

£

ST gmith, 6i0. and F. C. ‘Calkins

e X i O NP 1906. Snoqualmie, Washington. -U.- S. Geologicai Survey, Fclio no.
SR B . 7139, 1k pages, 3 maps. - | LT '
ST : T gl NG o {Geology of the ‘Snoquaimie- Quadrargle described in'.deta.il.)
; e T ; .. smith, Werren D. Ay Lty 0, Y i ' R, ' .y
IR T | H 1942. Physical Framework of the Northwest Geology and Geomcrphology - =R
CT : ST . of the Reglon West of the Cascade Mountains. . The Pacific -
[ Northwest, Edited by Otis W. Freeman and Hovard K. Martin,
K ' New York: John Wiley and Sons, Chapter 3, pp. #1-57.
P ] . . .
| Smith, W. S. : =" g -
- . ‘i , 1916. Stratigraphy of the Skykomish Basin, Washington. Journal of
bl o Geology, vol. 24, pp. 559-582, illustr. '
L. e - (Description of the stratigraphy and geologic history with
i sections on the fossil flore.) ‘- ) i, 195 .
B = o 1917. Physiogrephy of the Skykomish Basin, Weshington. Annsis of tie —
P L T : New York Academy of Science, wol, 27, pp. 205-213, illustr: ‘ ]
: I : R, {Description of the cherscter of the uplift, dreinage, and the i
relation between topography and geology. ) 7
i Stark, William J. and Donald R. Mullineaux

-1950. ~ The Glacial Geology of the City of Seattle. Thesis, University
of Washington, Seattle, Washington, 87 pages, illustr., geol.
map, 1:9,600. _ 3
(Detailed study of the geology of the city of Seattle.)
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4 1933.

~ Uphem, Warren

RS 8 T T s

ot R Rl o 7 2

State of wasnington Toll Briage Authority

1030 Muerama Narcows Bridee. Pierce County, Geological Cross Section.
P.W.A. Docket No. Weash. 1870-F, Map File No. F-T.
(Unpublished )

1951. Personal communication on drill cores in Puget Sound. ILetter

from Chas. E. Andrew, Chief Consulting Engineer, Tacome, Wash. )
to Frank H. Wang, dated August 29, 1951.

(At the present time the only drillings are for the Tacoma

- Nerrouws Bridge. Additional cores are contemplated Vs

Tegland, Nellie M. .

The Fauna of the Type Blakeley, Upper Oligocene of Walshington.
University of California Publications, Bulletin of-the- " *
Department of Geological Sciences, vol. 23, mo. 3, pp.; 81-17k.
(Descriptions of foesils from the Blakeley formetion in the
vicinity of Port Orchard and Blakeley Haxbor.)

Todd, hhrga.ret R. : )

s;:l939 l‘he'*GlaciaJ.,Geology of the Eamma n&.nm Va.lley and Ita Relation
77 to-theé Glacial Risvory-of -the Puget Sound Bssin. . Thesis,.l. .

Univera’dﬁ&of Weshington, ‘Seattle; Washington,: b8 pagee

(Desci’iption ‘of. the. Vashon and, Adniralty tills ) S

-
..... ST F a

l952a Preliminery Oceanograplgy Survey on Submrine Portion of
.- Snohomigh-Kitsap 230KV Iine. Progress. Report No..l, Submitted’
. to Bonneville Power Administration, 7 pages (dittoed). -
(Contains résume 6f oceanographic factors and Analysis of °
‘Available . Temperature and Sa.linity Date; Currents$ and Bottom
Characteristics )

Preliminary Oceanography Survey on Submarine Portion of
Snohomish-Kitsap 230KV Line. Progress Report No. 2, Submitted
v o to Bonneville Power Administration,. Appendix I, Marine ‘Geology,
5 pages, Appendix II, Biological Considerations, 1k pages -
-(dittoed).

1952b.

5 = s e e I —

150%.

Glacial and Mcdif

-ed Dxift near

Seaftle Te.coma. and Olvmpia. '

wnl

W

nQ

American feclegiet,

V. S ,-__ g

=i ._, pp . 203 ‘21h

(Much in error, too little’ f1e1d work.

Includes a sketch map

0y

~ of the Saguenay River.)

of the drift area of the south part of Puget Sound. ).

Fjords of Puget Sound and the Saguenay Science, vol. 27, :
no. 697, pp. 732-733.
(A brief paper comparing the. Puget Sound ‘comst line with that
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t! . y. 8. Army Corps of Engineers
1020 Wyerett Hartor. Washington. House Document No. 377, Tist

! - a
: Congress, 2d Session, 26 peges, 1 mep.

1932. Puyallup River, Washington. House Document No. 153, 724
. Congress, 1st Session, 45 psges, 3 maps, profile.
{Includes Meteorology-Hydrology Power map. )

g ioit R o A 1951. - Map File No. E-3-4-40. Seattle District, Seattle, o ]
i ,.—_? g \. - Yauhington. R e e S s, T 1*
L - (Includes en inset showing a Profile East Training Wall. Six R Kl Ty

. } $ . "1951. Tacoma Harbor, ‘washington, Puya.lup Waterway, Condition, April

|
] |
B g . profiles are shown exemplifying the piling up and slumping ... - - g L &
Ak B = that takes place Bt the mouth of the Puyallup River over the ® - 'L
E ERS TS WL . course of years. The ground line is given at the time of con- .~ it . £
i ' g . struction of the Training Wall (date not given), July 1943, !
: Jan. 19k, April 1946, May 1947, July 1948, April 1951. ],
Training wall destroyed by slide April 1943, with-edditional = _ ace
slides since then.) = C T ) & i

16u"on Seatmentatio

i el

‘]__c i i

7 Ppe

. Vashington. Letter from A. ‘L. Wright; Corps o
- g " seattle District, to Frank wang dated 187April- e i _
I * G, @ ; - . (pata collected at the City of Tacoma Filtration Plant,.Palmer, IR
L e e ) ey . Washington, from February 1950 through February 1951. Avérage

o L & . . ~ of 15 samples taken a month. Additicnsl data collected by the = .

4 S LA City of Tacoma Water Department at this site for spm_e._‘-ti'-:e.'_).__

S e

_U. S. Department of Commerce Coast and Geodetic Survey SRE St
-~ 1953. Personal commmication regarding possible sedimentation in 100
fathom depths north of Ketron Island, puget Sound. letter from -
Robert W. Knox, Acting Director, to Peter M. Mclellan, dated
_March 5, 1953. " s i '
. (The 12 fathom variation in depth shown on different editions of
& 3 o= Chart No. 6460 is the result of possible error in survey
H-1426b, this error being corrected by Survey H-6104. The re-
oy @b B S o view of Survey H-610k makes no specific mention of the differ- -
""—_—;—--~' T | S S S SR PP S, ences in depth.) . ) '

i
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U. S. Department of the Imterior Bonneville Power Acuinistration
1952. Communication on Fault-Offsets in Puget -Sound Affecting
Snohomish-Kitsap Submerine Cable Crossing. Letter from F. W.
Perr, Sitructural Mechanical Unit to A. A. Osipovich, Chief, _
b ) : Transmission Design Section, dated February 21, 1952. e
i Y. - e {Problems concerning suomarine geclogy =nd seismology of the
BT ; ) area to submarine slumping.) . :
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U. S. Federsl Inter-Agency River Basin Committee Subcommittee on
Sedimentation '
1949. Inventory of Published and Unpublished Sediment-ILoad Date in the

United States. Sedimentation Bulletin 1, OZ pages.
(A compilation of data for all existing sediment-load records
through the water year ending Sept. 30, 1946. Gives such data
as location, drainage area, period of record, number of obser-
vations, unit of expression, sampling equipment, and reference
to basic data.)

Utterback, C. L. and L. A.: Stmdemn 2
1938. Radium Content of Some. Inshoxe Bottc:n Saroples "in the ‘Pacific .
' Northwest. Sears Foundation: Journal of’ w.rine Research,
vol. 1, no. 3, pp. 187-19°.
: -(Various areas in Puget. SOund considered ) .- s s

1948. Radium Analysis of ‘Marine sediments in Northern Pacific and
Adjacent Waters. Sears Foundation- Joumal of Marine Research,
'vol. 7, no. 3, pp. 635-643. : .
(Various areas in Puget Sound considered )

*Haters, 3 "-D “Heﬂherg_ji 22
“1939. Regionale Geologie Der Erde, Band Junger
© Zonen, Abschmitt IVa: " The North American Cordz.lle::a arnd
Caribbean’ Region. Akademische Verla.gsgesellschaft M.B.H. -
Leipzig, pp. 1-54. (In English.) M
(Puget Sound Basin included in discusseion with geologic- :
fectonic map of Washington ‘and- Oregon- and structure: section .
‘acroes’ the Cascade Range east of Seattle from Puget Sound .to
the Columbia Eiver.) -

Weaver , Charles E. - .
1907. Notes on the Bed Rock ‘Geology of the Oiympic"Peninqu.a.,

Washington. The Mountaineer, vol. 1, pp. 58-6k. : ,
(Geographic and topographic description of the Olympic Peninsula

and gives occurrences of the various rock types encountered.
A popular account written for the lay reader. ) .

. 1912a. Geology and Ore Deposits of the Index Mining District.
Washington Geological Survey, Buiistin-=nc. 7, € pages.
. {Includes physiography. economic and general gem.ogy, with
detailed descriptions of the mines.)

-
v =

© .1912b. A Preliminary Report on f.he Tertiary Paleontology of Western
Washington. Washington Geological Survey, Bulletin no. 15,
80 pages. e
- (A preliminary subdivision of the Tertiary deposits upon
stratigraphic and paleontological evidence.)




toa ‘ ' Weaver, Charles E. _
i 1913. Tertiary Paleontology of Western Washington. Bulletin of the
: Geological Society of Amerien; wol. 24, pr. 131.132. (Abstract.)

".‘. . 1 , . 191k. Iower Miocene of Weshington. Bulletin of the Geological Society
. i ‘of America, vol. 25, P, 153-15!. (Abstract.)

1915a. Geology of Portion of Western Washington. Bulletin of the - e
- Geological Society of America, vol 26, p. 397. (Abstract.}

R e . Weaver, Charles E. ' ' I K
- el 1915b Geologic Structure in Westem Washington. Bulletin of the
: . Genlogical Society of America, vol. 26, pp. 139-136 " (Abstract. ) TR s

e oo ol e =

Cali{omia Academy of Sczences, l&th series, vol. 6 no. 3,

: : 1915¢. Pré-Pleistocene Geology on the Vicinity of Seattle, washington.; i
A | o Bulletin of the Geologica.l Society of Americs, vol. 26, p. 130.
R Fa ~(Abstract )
i = _ ' ) ' 1916a. The Oligocene of Kitsap County, Washington. Proceédings 01 the ' i

\__.._

. 1916b. ‘.l‘he Post-Eocene Formtions of. Western Vashington.. Proceedings
~ of the California Acadenv ‘of Sciences, hth series, vol. 6 ‘mo.  °

2, pp- 19<bo." <ol UL W A
o et (Describes the distribution of sediments of post—Eocene ase & . caldid
. s and the distribution of faunas ) i N '
ity ‘ . 1916¢. Ebrtiary ‘Faunal Horizoms of Western naahington. Uhiversi{:y of
G i : Washington Publications in Geology, vol. 1, no. 1, 67 peges,
or, 1i0E % 3 ' illustr.
- ;i a . (Lists the localities in vhich Tertisry fossils may be collected, :
- i rl descriptions of the fossils, and plates.) ) |_'
e ’ :
' : '| 19164. Tertiary Formations of Western wasnington. Washington Geological
o . Survey, Bulletin no. 13, pp. l-—327_. ; _ .
' 5 ; : [ - 1918. Paleogeography of the Oligocene of Washington. " Bulletin of the - - =
L Geoiogical Society of America, vol. 29, pp. 165-166. (Abstract.) - g
) o i
. j' _ 1930. Eocene Lavas on Western Washington. Bulletin oif the Geological
Homd . Society of America, vol. 41, p. 87. (Abstract )
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veaver, Charles E.
1937. Tertiary Stratigraphy of Western Washington and Northwestern

Oregon. University of Washington Publications in Geology, vol.
L Seattle WUashington, 966 nagen. sketeh mans. hiblieg.. index.
(This is the principal work dealing with the geologic hisbory
of Western Washington. The Tertiary is the predominant strati-
graphic sequence in the region; the pre-Tertiary and post-

_ Tertiary are also fully covered in th: discussion.)

1945. Geology of Washington and Oregon and Its Relation to ‘Occurrence
.+ - of 0il and Gas. Bulletin of the-American Associsticn of Pctro-
leum Geologists, PP-. 1377-1&15

Weaver, Charles E. and others - -
© . 194k,

P

Correlation of the Marine Cenozoic Formticng of Western North
America. Bulletin of the Geological Society of America, vol.
L 55, Pp- 569598,

! (Recognition of. pre-Admiralty glacial oeposits.

Correlation~
tables.) e :

Weymuth, Andrew A. o

Seattle;washington, 56 pages, TIIustry; ‘review of A1igs 0T il
(Description ‘of the stratigraphy, sedimntary petrogra.phy,
fossil species and faunal relations. ).~

S e

‘c. 'A. 3 ¥ . . - g F B g % .

1888 On -the . Puget Group of Washington 'Berribory America.n Jouml
of Science, 3d series, vol. 136, pp. #s3-450, illustr. -
(Brief description of the Puget Group and :lts fos;_ils Y

11889. " On Invertebrate Fossils from the Pacific Coast. U. S. Geological

Survey, Bulletin no. 51, 102 pages, 14 plates. -

(Includes a section on the Molluscan fauna of the Puget Group.)

Wildermuth, Robert, S. 0. Perkir.s, R. E. Pasco, and Edgar H. Hubbard
©1939. Soil survey of Kitsap County, Washington. U. S. Department of

Agriculture, Bureau of Chemistry and Soils, Government Printing.
office. -

P (studv of soil types, climate, and . land types includiag coastal

o . . = o g e

beach, coastal bench, terrace phase, 2 and tidal mrsh. large
soil [surface ] map. ) 8
i Willis, Bailey : : : :
1886. .Report on the Coal Fields of Washington Territory. U. S. Tenth
Census, vol. 15, Mining Tndustries, pp. 759-771.
> (Gives general geologic and rock conditions.)
44
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. willis, Bailiey
. 1897. stratigrapho aud Structure of ihe Puget Group, Wwashington.
Bulletin of the Geological Society of Americs, VOl. 9, pp. 2-5.

{Articie ou the physicgrerhy, _gtratigraphy and structure of B

the Puget Sound region with description of the appearance and
character of the country tounding the Sound )

;
§

L4
"
o]

1898a. Drift Phenomena of Puget Sound. - Bulletin of the Geologic&l

Society of Americe, vol. 9, PP. .111-162. .
~ (Two glsciations and interglacial considered featupes dzscribed.)

Eighteenth Annual Report, part 3, pp- 393-&36 index mp i

. illustr., colummar sections. %
. N i (Descriptions of the separate ccal mining dietricts vith sec-

o g S T TR e B tions on- hysiograpkw, stratigraplg and structure ) I

R . B \-i_illis, Bailey and George otis Smith
1899. " Tacoma, washington. U. S. Geological Survey, Folic noe ,’é A s It
.13 pp. of 1llustr. c"d maps, 2 maps. N
stocene histc of'-the Tacoma -

|
i ¢ yEx gy = - 1898b. Some Coal Fields of Puget Sound. U. S.. Geologica,l Survey,
|
|
|
|
|

Quadrangle ia described
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S - VOLCARCLOGY - -~
|

“VOLCANIC PEAKS

£ ' The volcanic peaks of the Cascade Mountains of western %ashingtom
= : are Mount Baker, Glacier Peak, Mount Rainier, Mount St. Helens, and

. S Mount Adams (Fig. 1-3). The volcani¢ peaks are composed largely of dark,
S s s o, baoal"i- le.vas which accumulated around the vents. (COcmbs 1939).

There are no volcanic peaks 1n the olymp_ic Mountaine. S

 “Eru gtions el Aetivitx Bt ,-~:;-~..-.,...,4..«._.-;_Aizw_4; 23 _

Sy s L. Only Mount St. Helens is known to ha.ve lml recent _er\;ptions. . S _
Fail o s e " Eruptions were reported in 1842 and 1854. Pumice was deposited in the. e
R g vicinity of The Dalles, Oregon, folloving ‘the 18’42 eruption (Verhoogen

1937). -

g Activity of Mount. :Baqu was: reported in 185' ;
i Davidson® 1885) yej_._tg_er a ish 1o Becte
A T eIt e e R T e T

S S Rl p SR Volcanic activity bag bren- reported in assoc:lat:lon with seismic -
e 0 ; .. disturbances, but -in.nons.of ‘the reported instances were ash or lava -

S i .. ..  ejected. Mount Rainier bas been ‘the subject of most of “the reports.
1) gl Mount Rainier is surrounded by lava flows and bas volcanic ash.on the @ e < by
. . . ™ =+ northeast side. The flows &nd the ash deposits are of “1imited extent . i, _.ﬁb
-t 7 - reaching.but a few miles from the base of the mountair. Steem, in minor S i o
R " amounts, occaeiona.lly issues from the summit crater of Mount Rainier -

A0 & - . (Coombs 1935). Mount Baker and Mount Adams also emit & amll qtmntity' i
: ' of gas and stea.m.

4
Vf‘ICANIC DEPOSITS L o R PR G

CEL B

|
|

Deposits of pumicite are. found to the northeast of Glacier Peak and I A
" Mount St. Helens, but neither of these locations are within the ruget

LS T, A e R T 4 Anan
R e Sound Basia- \calit:z;m ey, o 3

] T A layer of volcaric ash ranging in thickness from less than one--

o ' quarter incl: to about two inches has been found in various scattered .
- peat bogs of Puget Sound (State of Washington Department of Conservation

' = ' - and Developmeut iG52). The ash apparcntly came from & single source

e BE | which is believed to be Glacier Peak, Deposition was probably about °

% N ] 6,000 years ago. The ash has been used as a basis of correlation in de-

. termining the post Pleistocene forest succession 1n the Puget Sound area

(Hensen 19#7)
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- SEISMULUGT

SEISMIC ACLLIVLITX

The Puget Sound Basin is the southernmost portion of a seismic belt
that extends to Alaska (Gutenberg 1950). The major shocks occur in the
soutn end of the Puget Basin and the seismic activity dies out Just

_ south of .Olympia (Fig. 6-1). Scme of the shncks are slightly deeper
~ than normal (Vesanen and Jones 1951a).

A catalog of thc seismic activity of the Pacific COast from 1769 to
1928 has been compiled by Towrley and Allen (Townley and Allen 1939).
Bradfzr-d compiled a catalog of the earthquakes of the Puget Sound Basin
(Bradford 1935). He found that. 181 earthquakes were reported between
1833 and 1934. The number of reported earthquakes has become greater

- during. the recent years. This is probably a reflection of the increase

in vopulation rather than an increase in the number of earthguakes.

Bradford considered the reports of 115 earthquekes to be reliable.

. .'The intensity of these -earthquakes range from IT to VIII.on the- modi- .
-'fied Hercalli scale.—«They are tabulatea aﬁ follows' R el

_.-.._,. -~

Intensity ...".. No. of ,f Intensity . HNo. of
: . Earthquakes .7 Earthquakes
ST o o1 o v 10
II1 34 ) viz . . 13
Iv ) 30 ©oVIIT i 1 R
v . . Total 115,

. The- -other 65 reported earthquakes were probably of very low inten- . .,” g

sity and local nsture.

A study of the Seismological Notes in the various issues of the
Bulletin of the Seismological Society of America discloses that 24 .
earthquakes occurred in the Puget Sound area betve-n the years 1934 and 5
1952. Four of the earthquakes that occurred<during ‘this time were among

the most intensive known to this area.

. A ma jor eaxbhqda'“ took Place on 12 November 1939, Its intensity
was VII on the modified Mercalli scale. It caused property damage in -
the amount of $1,000,000 and was felt over an area of 212,000 square
miles. The greatest damege was at Centralia, Elma, and Olympia, Washing-
ton (Coombs and Barksdale 1942). The epicenter was located at 47°2' N

lat. and 123°0' W. long. (Heck 1947).
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The second major earthquake was that of 1k February 1346. This

earthquake had an intensity of VII and caused considerable damage in
. . . Seattle mnd Tacoma. (No estimate has been made of the total damage )
o S ; - Buildings located in £ill areas and along the waterfront werc Lhe wost
Eoe : seriously damaged. The cpicenter was located at L7°3' N. lat. and
] . 122°7' W. long. (Barksdale and Coombs 1946). ‘

Earthquakes of lntensity VIII -

S R R - Two recent earthquikes with provieional epicenters in Georgis Strait,
" British Columbla, are among the strongest Bhocks on: record for the Puget
i o Sounda.rea. . . , , . ; .
: For the earthquake of 23 June 19’&6 ‘the following 18 extracted from '
e - Earthquake Bistory of the" United Statee (Heck 1947): , _

. Rl s nea‘\cy damage cccurred in the epicentre.l region. The oottom TN G
N *  of Deep Bay in Georgia Strait was .reported by the Canadian Hydro- =~ =~ o
..., .. . graphic Department to have sunk from 9 to 84 feet. A 10-foot

4 Co PN T ivertical .ground shift occurred on Read Island. Ground settlements
| l%- Taeaew TETup TEo 100 -feet-were-noted: atotherwpoints,' South’of the boundary_
[ SR L s . "in the state of Washington some Chimneys'fell at Edst Sound and a..
[P S i et S de ntu M E D .- concrete mill vas damaged at Port Angeles: “It. was felt ‘strongly.
' GO e e hem © . . " at Qlympia, Seattle, Tacoma, Raymond, -and Bellingham Seattle,
|

A - B E . .. vhere tall buildings were dsmaged in the’ upper portions,vaa the ngge o, BT
; | . ’ S ;ha.rdest hit in the Puget- Sound Area. .- . i T Cwan st oY g

-

- . .
< -

»
N ;
R T et e e e
: P et

" One of the severest quakes on record occurred 12 April 19!&9

caused the loss of 8 lives, injury to 62 persons, ani property damage
estimated from 15 million to 50 million dollars. Buiidings dn £ill area
vers severely damaged But those, on undisturbed glacial ‘drift sustained-t
only minor damage (Nuttli 1952). A large portion of a ‘sandy spit Jutting
. into Puget Sound, north of Olympia, disappeared during the earthqueke.
s | An isoseismal map of this earthquake is shown in Fig. 6-1. The mep

' shows a maximum intensity of VIII with an epicenter. near Oiympia.

5 5 2

o Transmission of Ecrthquake Waves - - L ) -
Bradford (Bradford 1932) in hia study of microscicms gives data for '
the rates of transmission of earthquake waves ir ~-mz ¢f the f'.\rmutions B

-k
£ the Puget Scund region shown in Table 6-1.

O wi

AT ATy
|
Py
™

‘ ' , Correlation Problems

The relationship of earthquakes to gravity anomalies is discussed
in the section on Geodesy under Gravimetric Surveys.
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TABLE A-1. Rates of Transmisoion of Earthquake Waves in Some Formations
of the Puget Sound Region.*

Clallam formetion
(Northwest-southeast axis)

-

‘Transverse wave

1.4 km/sec. Lo
© 2.0 km/sec. . -
0.9 km/sec. -

. .Inngitudina.ll wave

Average 2.1 lm/sec. e
Maximum 3.0 km/sec. o e
Minimum 1.0 km/sec: g
’ ' '~ Moraine deposits = .
_(An area L1 miles by 36 miles, extending south and
southwest from the instrument, with its center at
, _Tacon';a.) ’ e e
Longitudinal vave Transverse wave
2.9-km/sec. o

KR/ 86C

Chverags. 2.2 KR[BOST oo« ]
- Maximum 4.2 kfsec. VT L

e _ o - %3 - R & &
U Minfmum L.b km/sec. S0 B wmfse. o w ek
: : . _ ' Mejon formation e = 11
. longitudinsl vave - Transverse weve RN T J E

N '5,..'

X : Con Y 3 _ fat o . b ~
> Average 2.8 km/sec. . 1.9 km/sec# .
 Maximm 4.2 lm/sec. oS 2.7 kmfsec. = T - A

Minimm 1.4 km/sec. L 0.8 lm/sec. E )

-+ . Enumclav volcanics
(40 miles southeast of the instrument)
longitudinal vave ( Pransverse vave
25 Average 2.8 m/sec. _ 1.9 km/éec. . )

Maximun 1}12 km/seca-————--—. ...... 2.7 gec. . ‘ ]
Minim.n 1.4 lm/sec. - 0.8 ¥m/sec. : i :

_ fFor desgcription of formations, see the section on Geology. ‘
.. .Table compiled from Microseisms, Their Charscteristics, Occurrences, ., :
and Possible Origin (Bradford 1932). hlp s
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Special Studiec

Tn the summer of 195i a group from the Carnegie ‘Institution of
Washington made seismic studies in the eastern part oi Fugst Seunds
VWith the cooperation of the Coast Guard about 2C 2xplosions were made’ ' l
Seismic recorders were located from Okanogan {150 miles northeast of A
Seattle) to Hoguiam and to Cape Flattery on the west with numerous - i F |
‘points between. Reflections from the expected discontinuity between . I
crustal rocks and the rocks of the mantle were sought but no =vidence’ ... ‘ . J

= ~ was found, The final report has not yet ‘been published (Jan. 1953, ot
or __Came‘gi’e,;@:“stitutim} ‘of Veshingion Department of Terrestrial Magnetism 2] &

SEISMOGRAPH STATIONS
" ‘There are only tvo seismogreph gtations in operation in 'the*P_ugét
_ Sound area... There is an-instrument ’al the_ University of Vashiugton in
Seattle and another at Victoria, British Columbia. A United States
Geodetlc Sgrve_y's_ei_smogr‘aph_sta@ion.vas installed at Qra.nd

astingbot-dn 19T, bt 1t- has been discontizued

.-~ = .  The University of Washington has & ¥ive component. Sprengnether. .
' Seismograph. It has three ‘short period components (to.1.3 seconds), .

.  ““two horizontal and one vertical. The ‘other two ‘are Yorizontal long '~ Tt
.- péried components (to 8 seconds). The instrument wag. installed R e Rl .

o " August, 1949, and ihe records ‘are on file at the University of Washing-- - .- f|"
<. . . . ton, Geology Department. The records for the period from 1906 to 1949 i (

* . are on file at the office of the United States Coast and Geodetic Sur- R i
" vey, Washington, D.C. ' Y : o el g R R TR L g 8 SRR b

~ The seismology station at Victorie, British Columbia began oper= o
ating in 1897 with a Milne geismograph for the horizontal components -
and a Weichert-seismograph for the vertical comp‘onerit. - In 1922 a Milne-

__Shaw seismograph was installed and a Benloff vertical seismometer was
added in 1948 (Canada Department of Mines and Technical Surveys 1952).

°

Prior to 1949 accuraté {nstrumeni Gata on weak local shocks in the
Puget Besin region have been almost. ent irely lacking.

- Seisﬁpgraph stations are to ve establisbed at Longmire, Nech Bay -
and Olympia, Washington. . X ol : o e .

A uew system for recording, storing and presenting aeismogmphié"
data hes been installed at the University of Washington. The three
components of earth displacement are recorded on standard sound-~ ’ :
recording magnetic tape. The system {6 undergoing tests at the present - -
time ‘(Jacobsen and Barter 1952). :
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Seismological Society of America, vol. 32, no. 1, pp. 1
1 table, 1 map, 1 photo.
(Earthquake was felt cver an area of 212,000 square miles.
The maximum intensity was VII on the modified Mercalli scale. _ 1
Most severe damage at Centralia, Elma and Olympia. Epicenter 1
wes near Olympia.) '
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p. 1353. {Abstract.) - . 7l
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3 Ksagka. U. S. Department of Commerce Coast -and Geodetic

IATTS. ~ Survey, Serlal 609; 83 pages, Washlngton, ‘D.C. . ; SV SRR P b,
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B Tl L PICNIE S _Heiskanen, W '
Lo "1 © 1951, Onm Seattle ea.rthqaakea and gravity anoma.lies. Bulletin of the :
3 .. - Seismological Society of America, vol. hl, no. &, pp. 303~ L S I

|
I ~© 306, ). teble, 1 map.
F - ¥ ' '(Suggests possiblc relationships betveen earthquakes a.nd nega~
¥ : :i = i . tive gravity anoma.lies in the Puget Sound a.rea.) B
| Holden, E. S.
: 1887. List of- Recorded Earthquakes in California, Lower California,
=" Oregon, and Wsshiugton Territery. California State Printing
Office,. Sacramento.

1
&
e vt S i

4 3 .. H .

Ny o - 1898. Catalogue -of Recorded Earthquake Shocks on the.Paciflic Coast,

gy 1769 to 1897. Smithsonian Miscellaneous Collections, s
2 no. 1087.)
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Jacobsen, A. B, and LeRoy Barter S

1952.

McAdie, A. G.
1907, .

I«iiller , Alfred L.
1943,

g __“A__ ‘(A discussion of. the: 19149 ea.rthqua.ke from an: engineer.ng View- -
TRl roin‘l: U S. C. and G, S isoseismal mp reproduced ) e

2 Nuttli, :

. 1952.

Townley, Sidney D. and Maxwell W. .Allen

1939 Descriptive catalogue of earthquakes of the Pe.cific Coast of::
the United States 1769 to 1928. Bulletin of the Seismological
Society of Awerica, vol. 29, no, 1, pp. 1-279. .
(Catalogue showing the time, location, duration, and descrip-
tion of each recorded earthquake.)
Ulrich F. F. : >
;,”,.19249. Reporting the Northwest ferthquake. Building Standarde

.#as.located. in Puget Sound,_ just.east of Ketiron Isle:nd, 40
- miles southwest of ‘I‘acoma.s

Seismographic Data Recording System. The Trend in Engi..eering

at the University of Washington, vol., 4, no. 3, pp. 9-12,
Engineering Experiment Staticn, unr:ersit; ¢f Washingtan,

{A nev system for rzcording, storing, and presenting seismo- .
graphic data is described. The unique features of the -instru-
.ment are evaluated. .Th2 instrument will replace the one now :
in use at this Univereity aa? should provide better information--.
on earthquakes in the Puget Scund area.) : i

Catalogue of Ea.rthquak(.s ‘on the Pacific Coast, 1897 to 1906.
- Smithsonian Miscellaneous Couections »-no. 1721, part of vol.'
XLIX. . LR R .

nar"hquake Lescons from the Pacific Northvest -~ The, Trend in .~
Engineering at the University of Washington, vol. 5, no. 1, )
PP. . 13-32, Engineering Ex*periment Station, University of i
. Vashington.

The western Weshington earthqua.ke ‘of- April 13, 19’+9, Bulletin
of the Seismological. Society of America, vol ha no, 1, ; P
21-28, 3 text fig. ok s

(The ea.rth*u)re intensity is given as VIII on:the wdigied . . i e q #
Mercalli scale, the focel depth was 70 km., and the epicenter - Mol |

Monthly, June, pp. 8-11, photos, isoseismal map. -
(Description of the damage to the buildings ari cstimates of’
the total damage.)
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U. 5. Departmeut of the Interior Bonneville Power Administration
1952, Communication on fault-offsets in Puget Sound affecting
Saohomish-Xitsap Submarine Cable Crossing. Letter from F. W.
Farr, Structural Mechanical Unit to A. A. Osipovich, Ciiel,
Transmission Design Section, dated Februery 21, 1952. °
(Problems coacerning submarine geology and seismology of the
area to subuxarj.ne‘slumping.) ' :

Vesanen, E. E. and J. W. Jones. - . , p L e
n.d. On-Seismicity in the- State of Washington. To be- published in
s " the-Transactions of the-International Geodetic and Geophysics =~

* Union, presented at the Belgium’ 'meet}gé, 1951. (U,npub'li‘shed._)- -
{Piscussion of earthquakes of washington, with ‘general con-. e

“clusious.) o - TEEE R : 75 Gyt

-
-~ s

-+ 1951a. .Se_ismgz‘aphfcvStation Bu}letin,'iéso. University of Washington )
g . Publications in Seisuology, ‘Seattle, Washington, no. 31, 557 . 0o
pages. S T LG, ‘

- -(The first part of this bulletin contains readings of main
% -impulses of distant shocks; the second part contains readings

nsieof -1ocal sand- shors. distant shocks, ) -

'7or the first recorded

L3 gl Y W 0 Ty i20D 1 Seismographic Station ‘ull'_ef.iﬁ,'Juiy;De'céﬁo;r,-. 1549,

e ~ University of Washington _Pu'Bn‘catidns in Seismology, Seattle, “ .
' ' Wa-.shing'ton,.no.‘ 2,.20 pages. - g = ) o = T

L 41992, Seismographic Station Bplletin, 1951. University of '_Wa.shingto'n .

e o+ 7. Ppublications in Seismology, Seattle, Washington, no. 3, ¥9- Ca Fo 9
; - pages (aittoed). - a3 A N o R S

- : (During 1951, 312 earthquakes were cecorded at the University

of Washington Seiswographic Station. Thirty-tkree of these
shocks were local [distence -less than two_ degrees}.) 4
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netic problens
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o 4" .Mag_n' ét.ic.c'.harté“:-

S m"k‘wve B wwapweraarpenr U S S Swme
-~ - : ; P

L ’ . ==
i > CEOMAGNETISM
. : '
: ' % MAGNETIC OBSERVATIONS
N E ) A study of the magnetic observations gade in the Puget Sound area e
@ ‘i. “ . discloses.no magnetic. disturbances of sufficient magnitude to be signifi-
pas fe 3. - cant in problems of ships’ navigation. The area is probably typical of
: o > .
ER U o e much of the northvestern. part of the United States (U. S. Depertment of
i AP '__C:qmn;erpe_Coast and Geodetic Survey ig9see). .. b
N i % . publications of the Coast and Geodetic, Survey, Serial 602 (Howe and ..
$ T ey Knapp 1938) and Serial 667 (Deel and Howe 1948), contain results of-obser- . . .
] ‘ ' . vations made-et magnetic stations ino washinghon, ~ - 0 T '
: K Mognetie Surveys - PR I A

st and Geodetlc Survey has been making magnetic obser-

o ations. from t
© Coast Survey!s research-

2 stiﬁ_xpﬁigjﬁ-,qf;tgp.gnetfc' charts: R Er o pened ke S

The foliowing charts are svailable which {ncludé the Puget Sound .

oL i s S

1947 has been. collecting results of wag-
.tive Wortd: Principal. efforts: of ‘the

R irected tovard the study Of the compass,

secular change ',_'_@gﬁet'i.é"ﬁéms;-gnd- the-con~

of SR
deee P e otenichuatd kinem — o Lo
=k T

e e s e,
C - e Hhe,
; PR
& - s

o - S e

L area in their scope:
. . il) ' Isogonic Chart for 1045, Udited States: B M TR
Ve 2) 1soclinic Chart.for 1945, United States. e % e T
T G (3) Lines of Equal Horizontal Intensity for 1945, United States.
() Lines, of Equal Vertical Intensity for 1945, United States. . . -
. g (5) Changes of the Magnetic Elements from January 1, 1935 to .~ o
“" January 1, 1945. (Inclucing Isoporic Lines.)
. Gt i
. Aeroggt_\etic .Surveys

5 e seromagnetic waps .of :80
ST T ¥ T ' the open file of the .Ge
= - magnetic profile along

Mo peromagnetic Iaps are svailable for the Puget Sound area., . Tvo

e b £ . " approximately the Hoh River,
- - ' This material has not yet been compiled (U. 8.
S ' terior Geological Survey 1952}.

uthvwest Washington have recently been placed in
ological Survey-in Washington, D.C. An.aero-.
the Washington coast from Grays Harbor, north_to
has been:flown by the Geological Survey.

Department of the In-
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Correlation Froblems

No correlation is known to exist between the probieus of gscmagnctisz
and gravity and those of geismicity (U. S. Department of Commerce Coast

R ' ' _and Geodetic Survey 1952. ). For relationship of earthquakes to gravity
. anomalies, Bsee Gravimetric Surveys in section on Geodesy. i

T " - EARTH-CURRENTS '

s S i _"Earth-currents (natural electric currents in the ground) ere at

e © ¥ times large enough to affect the operation of telegraph lines and elec-

U S e  tric power systems, No general survey of these conditions has been made

R “ in Puget’ Sound.’ “However,’ conditions causing such’ earth-currents,.as the . = |- |
rapid surge of.tidal:currents in the various. passages, though they may ' ‘

e ~ be predominantly local in sharacter, are numerous and theoretically of ’ I
i B . - frequent’ OCCUWITEEEE. - Farth-currents are s possible source of error where — . ‘

~ highly sensitive ‘electrical recording and detccting instruments are used
: in oceanogrgphic or other research, . i S S

R I B TLetters gere1;e§n;*totﬁe,va:&icus_telegre.pﬁ.and_e;fegt ﬁ_“fbm-;“ pi

ST RIS B . [papies operating along the shores .of;'Puget"jSoundﬂ-to,-détf rmine. whether or =~ Ty

SR ““not earth-currents. have been a fagtor:in actual operational experience...”™ . s
. j X . . i s ,.’f s R LS e n .m B . . , : :

%

."'- o Op‘era.tiona.l'Ekp'e;ience'

.

LS

The- Wéstex‘n' Un;oﬁ Telegraph Coumpany re'ports as follows: - i

-

" A number- of years ago bur telegraph lines were affected by :
earth-current storms. However, at this time our’ circdits - ik C ot A
were working physical with ground return vetween cities ' R T
locdted in different-parts of the country. For the past -
several years most of our facilities were established with
carrier operation and we have not experienced any trouble -

due to earth-currents since cerrier operation was initiated. ; o

]

'
1

= o Our. terminating equipment on the cerrier channels is elec-
) : . tronicelly connected to verjous ilocations within the ruget B
Ligeis . % . . Sound aresa. ) 5t e N . . . ;

<

K} .
R

_ (The Western Unlon’ Telegfaph _COnpaziy 1952)..

The experience of the Pacific' 1elephone and Telegraph Company- is
as follows: % : : : | R

i
& =
.\
i o
.
A

Earth. potential difference: (caused by eartii-currents) have
’ resulted in difficulties in the operation of our ground return

64
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. Y. subjecty.nor have. we made any summary of such troubles as.’
ST maybe recorded :on-our ~telegraph o:»eration daily 1085-. -,

telegraph circuits. Such difficulties were variant in nature
and apparently reached their worst peaks during periods of
wagnetic storms. This interference was somevwhat troublesome
and among other considerations provably burried ine replace-
ment of ground return facilities with those of the carrier and .
voice frequency types wrich effectively use a metallic wire
path instead of ground return. This type of facility is now
employed almost entirely in the provision of our long a.nd
mediuvn haul telegraph facilities.,

We still have many short ‘haul telegraph facilities and dial
impulse circuits which use: ground return and which could be
~sudbject to interference caused by ground potential differ- : .
,ences, However, this interference has been overcome by using" iy
"a compensating wire or leg to neutralize the effect of ground
poten*ial difference..

Since the o‘n.:nect_;.onable effects of ea.rth currents on our fa-
cilities have been largely overcome-for some years, we have s
not believed it necessary to instigate any study on this : =

" (The Pe.cific Telephon“ and 'I'elegra.ph Compa.ny 1952),»,
The Bonneville Power Administration reports as follows

Please be acws.seu tm:t no: a’bnor:nal conditions tha.t .could be ',
ettributed to.such currents. wvere observeg in our system,. . =
including its electromic equipment in communication. It |
chould be kept ‘in mind, however, that our system went into _
: cperation toe la.rge extent only for the last ten years,
- i.e., before the las.. strong sun spots disturbance took
place, £ iy . -

IR

Kol

{u, s. Depe.rtment of the Interior Bonneville Power Administration
1952)

The Coast and: Geédetic Survey does not have a.ny information.con-
cerning earth currents in the Puget Sound area (U7 S Depa.rtment of
Commerce Coasft and ueouetxc Suxvey 19»“,. .
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file. A profile along the doast is being compiled )

The Western Union Telegraph Company - - : g N .
1952. Personat cummsiicaticn on Barth Currents in the Puget Sound
~ Area., Letiter from R, W, Sikora, Area Superintendent, Plant
and Engineering, Portland Area, Portland, Dregon, to Peter
Mclellan, dated Aug. 20, 1952.
(In the past, telegraph lines were affected by earth cx 'rent
storms. The zround return circuits hédVe siice been roplaced Y
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o ° ‘Since many of the triangulation markers are constantly being de-

Sz, ———en IS V. TSRO ¥ PV SRR S Il

DATUM

Mean lower. low water is the datum for nn.uticnl charts in the Puget
Sound region. Topographic mpping by the U. S. Coast and Geodetic Sur-
vey is referred to the mean high water datum. . Topographic wapping by
the U, S, Geological Survey and other agenc:lea is referred to mean sea
levels Refer to section on Oceanography:  Tides, for derivation ¢f the-
tidal datum planes for Puget Sound _ L

s

dom;aoi. SURVEY KETS
"Tue two control survéy mets exten&e:‘..*.n-o the Puget” Sound. area by . :
the U. S, Geological Survey, U. S. Coast and Geodetic Survey, and U. S, '

Engineera ot for control asmsé’d 1n nautica.l charts and topOgmphic waps,
t%lishe ' el ;

29

) The horizonta.l cont.roJ.. survey net consiating of arcs of ﬁ.rst and' s d
second-ord-r triangulation has. been completed. This control network is~ j

"Additional triangulation in the Puget Sound area ean be found on U. S, - - .

' Coast and Geodetic Survey Triangulation Didgram.éharts 6380, 6362, 6likg, -
6450, and 6460, While complete and adequate for ‘hydrographic surveying,
this network is not adequate for large sce.le pla.nimetric mapping.

stroyed by man and the sea; » comstant replacement program is necessary
to prescrve *he present network of triangulation markers, Almost all
those installed along the edge of southern Puget Sound in the survey of
1935 bave since been destroyed due to wave ‘action and slumping of the
lend, Destruction also recults from humsn activities in’ construction :

within and ercund matropolitan areas of the Sound., N L

£ P .

First- and second-order triaasulatton 15 generally condncted by .

the U, S, Coast and Geodetic ESurvey for both geodetic investigation amd T

. map control. Lower orders of triangulation’ intended only for mp eond:, !
trol are undertaken by the U, S. Geologica.l SurVev

69
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shown on "Triangulation Diagram, State of Washingtom," publishq.g. in 1950, '. ' L
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e ¢ Vertical Ccuirol
¢f first- and

The vertical control survey net consisting of limss &

e s - g o =

second-order spirit leveling vhich is the

basis for determining eleve-

tions has not been completed.
Map, Control Leveling, State o
present time [1952] work 1is be

This control network is shown on "Index
£ Washington" published in 1950, At the
ing done in the northern Puget Sound area

in the vicinity of Blaine, Marysville, Burlington, Anacortes, and Oak

' Harbor. Areas of Puget Sound
" ‘Whidbey Islend, Camano Island,
Great ‘Peninsula.- -

* g W TR e

Bot covered by.control leveling are
the San Juan lslands; and part of the

g2 f

Many of the qxfad.rangle-sl_xee_t{s'ofhthp‘- Topogr.éphic Map of the United S
Statee; Washington. were completced about the year 1900 by the U. S.
s . : Pk ey oy

Geological Survey.; The U. S. Engineers in recent years Neveheoonexats

>

with the U. S. Geological.Snrvey ia révising some of the older topo-

p coupleting adcitional-maps b hotogrammetric means.
‘THe Btetus “of topographic mapping- 15 ghot .0 “Topograph
§ n. P ; o

" Magping, State of Washimgton.” 'L ...

Fovegm ot ¢

N L

: : T “"F"“ 5 gEgEy i Mighn, 2 A F o 20 e o

‘Mapping of the shorestopography’ adjacent to Puget Sound is carried

"~ out in-detailwith each hydrographic ‘survey by the U.. . Coastamd .
« Geodetic Survey. See section on Hydrography: Topographic Surveys, Loy it el g
. reference ‘{ndices. - N : o oA o7 el .

s i s R MR e - '._-‘:.
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Piivate Cartographic Establishments . .. b

_.__
'

 Maps and charis produced by private cartographic establishments L Ty IR
o= :  the Puget Sound area cover & wide variety-of.types snd uses, but the “Sen
R R et types produced in the largest quantity are the commmication and recrea-

g | . -~ tion msps for advertising. The private map companies conduct no field

surveys but use material available in existing charts and maps. In areas
vhere the land is not adeguatsly mepped, base maps are traced from out -
of -date maps or from aerial photos, which probebly were drawn Or fliown
for other purposes and are inaccurate. . '

»

2 2 . . . o

ok | ~ Status of Cartography
' able 8.1 displays the status of cartogrephy in the Fuge* Spusd
area outlining what services are available and the types of weps and
charts that are produced in and for the area. Appendix 8-A provides & -

11sting of local maps, charts, and indices. s

70 -
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DEV“IDPMENT OF REW TECHNIQUES. A plastic shading technique (Heath
1952} uas beenm perfocted under the direction of Dr, John C, Shermar of
the University of Washingtor Department of Gesgraphy. This rapid wethod

of applying relief. to a map has been used in tl;e construction of Fig. 1-3.

PHOTOGRAMMETRIC. MAPPING-

The Puget Sound Basin has been completely covered by one set of
vertical aerial photos, which were taken by the United States Army in
1936. Some later aerial surveys have been completed, but such coverages
have been scattered and in most cases flown by inexperienced personnel.

Of these later aerial surveys y the best photography was attained by sur- P

veys unde;ta.ken for private or federal timber surveys.

The majority of the aerial i)hotos in this 'a.rea. are not used in

- moszic construction or photo-interpretation work, but as individual-

verticel or o’alique pictures. Aerial photo use in mosaic constructio
erpretation has usually been.confined to soil or tree
“U.8 _*Soil Consemtion Service and »U. S. _Forest ‘-Se,pvice\.

Proeurement of Aerial Photos o 25 e s

Two indices entitled, "Status® of aerial photogrephy of the United
States”.and "Status of aerial mosaics ‘or-photo mwaps of the United States,"
are publiahed by the U. S. Geological Survey, Washington 25, D.C, This
agency also maintains a Map Information Office which will, on request. *
furnish information on the status of the latest goverage of maps or
aerial photos for any specific area. This 1nforup.tion includes the scale
of the photos, and the agencies that have negatives.

Other government agencies have index sheets ahoving aerial photo
coverage which are generally on fifteén minute quadrangles or on & county

. basis. Most private photogrammetric organizations also have index maps °

that can be consulted at their respective offices.

An index map of aerial phot ography of Canada 18 & 3 1lable through

a ventral.sgency; the nb.tiﬁl‘:.a... Alr Thoilo Libviary, Otten

Status of l;hotgggamet:jy

Toble 8-2 displays the status of aerial photogrammetry in the Puget
Sound area outlining such items as availability and procurement, etc.
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SPECIAL TECHNIQUES. The United States Soil Conservation Service
and the United States Forest Service have developed special use inter-

pretation keys dcsigned for typing soils and trees from aerial photos
in the Puget Sound Basin.

' A nevw technique in determining current measurements has been de-
veloped by the U, S. Army Corps of Engineers at the Por-tland District
Office. Tnis technique uses serial photos to ascertsin river currents
{ _ in areas vhich are inaccessible or where the current is so rapid that
¥ ordina.ry methods cannot be em'ployed (oros 1952)

E.

o

s_mécm AIDS TO NAVIGATION

‘Puget Sound is easily navigated in clear weather. It is one of the
- few sheltered areas on the north Pacific coast that may be entered in
~ all weather conditions. BSee section on Geography Shorz ‘Line Features -
for a.dditional discussion. . ’ .

During periods of reduced visibility local mariners have relied
he echo from their ‘Vessel's whistle to maintain a mid-channel -

“Radar now supplements this’
-'-found al,ong the. Sound.. . The. greatdapth_of..mter_ renders the ho.nd l.ad
'useless in mny Places: . " .

e

: At the present time [1952] the Coast and Geodetic Survey supplies
16 charts that covér the Puget Sound area. Shown on these charts are
sbout 67 lights, 30 buoys, 27 fog signals, 3 radio beacons , and 1 radio
direction finder calibration station--all meintained by the U. S. Coast
: . ‘Guard. There are also many specially marked stacks, pile dolphins, and
3  privately maintained lights. All known publications concerning naviga-

tional aids in Puget Sound are included in the bibliography for this .
1 ' section, -

A . b
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- GRAVIMETRIC OBSERVATIONS

* vals of five to ten miles along traverse routes spaced approximately

vations: were made 3n vestern Washington.

.o e St T B o N

LT

' however, - to be explained entirely by superficial geologic structure F

P s L e or T

GRAVIMETRIC SURVEYS

in 1951 the University of Washinéton Department of Geology began a
regional study of the magnitude and distribution of gravity anomalies in
the state of Vashington. - Gravity observations are being made at inter-

fifteen miles apart throughcut the state. Three hundred and fifty obser-
vations-have been made in the Puget Sound Basin, The program will take
at least two end one-half years for completion (Jones 19528.).

" During the period 1891 to 1951 y fever then i‘ifty gravity obser-

5.

Evaluation of Gravity' QObsexrvations

. Anomalies found in ‘the Puget Basin indicate the presence of some of :
the largest negative a.nd positive gravity anomalies in the United States.
: :3de - an abruptness of change® ‘of ‘the ancmalies. (Fig. 8:1) - s

_are- indicative’ of la.rge Gisturbing macses of rock close to the Bsurface -
‘of the earth., rreiiminary correlations indicate defimite. relationships 5
" between surface geology, and- the anomalies, = The: aﬁbmalies are too large,

(Jones 1952a).

Correlation Problems -

From an article entitled, "Gravimetry at the University of Washing-
ton," by John W. Jones s the Iollowing paragraph is quoted:

The relationship of anomalies to earthquakes has bLeen one
interesting development in this study.
seismic activity extends through the center of the Puget Basin
along & north-south line closely following the deep negative
_.anomaly depressions shown on the map.. The negative "hollows"

The line of maximum e

at Seattle, Everett, and to the north of Everett are locations g . el
where seismic acuvity uss besen "M"ewrehﬁ in the past. The ;
area where the anomalies change from strongly negative to . : :
strongly positive in the vicinity of Olympia is the site of : X
another concentration of seismic activity. To the east of the @
axis of the basin at locations of less pronounced negative

. "hollows" or eastward extensions of the large anomaly depres-

sions, minor concentrations of earthquakes occur. This evi-

dence certalinly indicates that the earthquakes are related to

76
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regional forces are one cause of graviiy anomalies, we might
well expect the anomalies to have & rzlationship to earth-
quakes, which are manifestations of such forces.
(Jones 1952a.)
DEFLECTION OF THE VERTICAL
Additional data pertinent to gravity investigations in the Puget
S " Sound are those of deflections of the vertical. The strong deflec-.
tions in the area reduce the validity of precise position fixing.
. "~ Results of stations occupied in the Puget Sound area are presented in
-, Table 8-3. : ( & _ _ i
!
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the large variations of gravity. Since lerge blocks of rock
displaced from their normal positions in the earth's crust by
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Appendix 8-A

MAPS, CHARTS, AND INDICES FOR PUGET SOUND

Anderson, Oliver P. and Company {Seattle)

1889. Guide Map of Seattle.
(Snows tideland to be filled and candl to be constructed by
Seattle and Lake Washington Waterway Company.)

Arrowsmith, John
© 1859. . Map of the Province of British Colnmbia and Vancouver Island
: with portion of Unit ed States and Hudson Bay Territcries. .

Automobile Club of Washinswn .
1952e. lake Vashington ~ Quadrangle 2.

19520, Mount Baker - Quadrengle 1. _
1952c. Mount Reinier - Quadrangle 3. ' i M
1952&. Olympic Peninsula Quad.rangle 6.

1952e. Willapa Bay derangf 3 Rslo o
- (Tekes 1in the 'Olymnia, Washington ‘ared. “)""1

.Babcock, Garrison o '
1936, Puget Sound Flood Control a.nd Power Development.

(A state
improvement ‘project. . 4 maps. Blue Line.). ~ i
Ba.ker, Charles H, and Company (Seattle) - . s .
-1891. Birds-eye View of the Puget Sound Country. .«

... (an accurate perspective projection showing the  topography, .

resources and development of northwest Washington and British
.Colurbia.) o .

Bowman, Amos

1891+ Map of Fuca's Sea \sometimcs called Puget Sound)

= (Britich Columbia and Washington territory and itse relation o ..
the River Valleys and interoceanic traffics of the world, b
insets showing details of harbor and railroad lines.)

Bri.tish Admiralty,
193k -
1945

1051,

His Majesty's Stationery Office (Iondon)
British Admiralty Charts. Puget Sound area covered vy 5 charts.,
No. 19.11&-19&-7-1&27-1792-1717-2()89. :

Catalogue of. Admiyalty Charts. T

-
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l951a. Cata.logua of Fautical Charts, Tidall and Current Publications. g

British Admirelty, Hydrograpiic Office {London) )
1846, America, dest Coast--Puget Sound.
(Dravm by R. M, Tnekip. London Hydro. Office of the Admiralty.)

British Columbia, Department of Lands and Forests, Survey snd Mapping
Branch, Air Survey Division (Victoria)
1951. Index to British Coluwbia Aerial Survey Coverage.
(Index map showing serial survey coverage and type of photo-_;
graphy.)

nr*1:ish Columbia, ueyarbment of Lands and Forests, ‘Survey and Mepping
Branch, Geographic Division (Victoria) :
1952a. Index Map to Lithographed Maps Including Geographic, La.nd.
: Pre-Empfors, Degree and Topbgrephic Series.
- 1952b., ‘Relief Pictu.re Map of British Columbia. S
© 7 (A colored map showing relief of British Columbia and northern
part of Pe.cific Northwest. ). L .

St Canadian Department of Mines and 'l‘echnical Survey, Survey Ma.pping Branch,
Hvdrographic Service (Ottawa) -

191;0,”-01:&:'1;3 wo _".3593 ,-Vancqmrer 1 ' '_a.nd ad,jacent shor_es_ of

'.l951b Chart no. 3449 Race Rocks to Turn- Point. ) s 4

[0
s

@

Ca.nadian Department of Mines and ’.l‘echm.ca.l Surveys » Map Diatrlu xtion
Oﬁ‘ice, Surveys and Mapping Branch (Ottawa).
n.d. National Topographx» Seriles. : :
Canada Department of Mines and Technical Surveys A Topographical Survey
(ottawa) Bt s
1951. Topogra.phic Hap Index of Canada

Denoyer Geppert Company (Chicago) . o
19%0. - Physical and Political Map of Pacific Northwest. : g
(Edited by H. H. Martin and Otis W, Freeman., One of the
Denoyer Geppert. physical-politica.l series compiled and drawn '
by R: B. Blai‘.)

1943 ;- Historic Pacific Northwast.
. - . .{Edited vy Carl H. Mapes.)

Douglas (London) '
1784, A :summary of the various advantages resulting from voyages of
discovery, undertaken and performed under the present Reigan,
with charts of the Northwest Coast Exploration by Capt.. Cook"
ana Clarke 1778-177¢.
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Eastwick, Morris and Company

1877, ~Map of Puget Sound and Surroundiug Washington Territory. .
{Compiled from official government surveys.)

Elliott, W. (San Fra.nciaco)
1gh8. Engineers Official Map of the Pacific Northwest.
(Compiled and engraved by W. Elliott, Judge.)

-Federal Inter-Agency River Basin Committee Subéomnﬂ;sion on Hydrolecgy.

1949, Pacific Coast. Drainage in Washington. Map no. 75.
(Precipitation, storage, tewperature, zvaporation, meteoro- -
logical stations. Show survey courses. Prepared under U: S.

. Weather Bireau.) ) ’ B . -

.Great Northern Railway:Company (Chicago) s e o
-1896. An Atlas of the Northwest. ’
(Atlas of Northwest published. 'by Rand McNally, Chicago o

I1linois. )
Harbor Department., Port. Varden .
1918 Map of Central Waterfront. MStrict. R R s e
e (Drawn by A: A ’Paysse;.) - Mk g e e SR L

Hearne Brothers Map Company (Seattle) Eve ¥ T o ;
19’40. Hearne Brothers - Polyconic Pro:)ection }hp of Seattle 3 Tacom
and Viecinity. :

72

: 1950_. e Official Hearne Brothers Polyconic Pro.jection Me.p of Greater et

Seattle and Vicinity. ..
(A wall wap with inset maps of Auburn, Enumcla.w e.nd Va.sh,on
Island, Washington.)

King County Engineers (Seattle)
1933, Me.p of King County. -

Leferre, I. A. (San Francisco) =
1884, Map of Puget Sound and Guif of Georgia with Parts of Washington
Territories and British Columbia.

(Compiled and drawn by I. A.-Leferre. San Francisco Photo Iitho,)

Metskers Map Company (Seattie)
n:d. . Metskers Atlas of King County, Seattle.
" (85 maps included.)

1540, Playground of America. N
(Metskers Ma.p of the Puget Sound Country.)’
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Morris, Frank and W. R, Heath (Seattle)
1952. Marine Atlas of the Northwest, Olympia to Skagway.
(A navigstion stlee for smel) hast owners. Charted courses,
end aerial photos of harbor entrances and nain passes.)

Natioral Geographical Society, Cartographic Section (Washington, D.C.)
1941. A Map of Northwest United States and Neighboring Canadian
Provinces.
(Prepared in cartographic section of National Geographic ’
Society for Natlonal Geographic Magazine.) -

Northwest Regional Council. In.Cooperation with Pacific Northwest
Regiona] Planning Commission and the Bonneville Power Administration
1042 Economic Atlas of the Pa.ci*‘iﬂ Northwest.

. Office of Engineer Offi"er 3 Headqua.rters ¥l)e1:ra.rt‘.mex11: .of Columbia, Van-
_couver Barracks, Wa.shi.ngton Territory -

) f'_:."; 1885. ; &P.'UL Area 'w;uerias Scuthzact Puget Sound (se&ttlﬁ‘ to Ol‘"’mfa)- .

o ;{___.'Oregon-Washingtoﬁ Réilroad a.nd Navigation Compa.nyw (Porthnd) i Ris

(Showing railroads and military roads. )

1911.\\ Map of Pacific Nofthweést, - ERCE
(Issued by Oregen-waahington Pailroad and Navigat.«.on Company
showing railroa,gis in a.rea.) '

__Phelps » Thomes Stowell - _

= 1930. Plan of Seattle 1855-56. : T
(Showing position occupied by Decatur 8 crew and line barricade
_erected and road constructed. )

Raisz s Erwin
1941, Landforms of the Northwestern S- ‘ates.

Reynolds, , Clara P. (Seattle)
1927. A Sea Gull's View of Seattle. T
(Printed by Pioneer Printing Company.) -

‘Seattle Msp Company (Seattle)
190k, Bird's-eye View of Seattle and. Vicinity. T
(Panoramic view of Seattle and surrcunding country. )

Seattle Public Works, Board of- (Seattle)
1891. Seattle Sewerage Map. -
(Williams, B.. Civil Ingineer.)

'U. S. Army Corps of Engineers, District office (Portland)
1945, Columbia River Dasin.
' (Irrigation end Pewer Projects in the Pacific Northwest. )
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—w-S.~Deparmnt of iculture, Pncific llorthﬁest‘ Regional Comittee

U. S. Department of Agriculture (Washington, D.C. )
1036, Atlas of American Agriculture.

U. S. Department of Agricuiture, Bureaun of Soils
1910a. Land Classificavicn, Reconnaissance Survey, Puget Sound Basin,
Washington, Olyupia Sheet.
(Prepoved by U, S. Sails Buresu and Waahington Geologi':al
Survey, drawn by A, Hoen-Baltimre.)

"1910b, Soil Map, Reconnaissance Survey Puget Sound Basin, Washingbon,
Olympie Sheet. i
(Prepered by U. S, Soils Bureau and Was mgton Geological
‘Survey, . dravn by A, Hoen, Ba.ltimore s ;

1914. Xalp Groves of the Pacific Coast and Isla.nds' of the United
S-ates and Lower California. Office of the Sec. Repori Ko.
100, Mape No. 8-9.-11-12-1!&-1‘5 cover the Puget Sound Bacin,” °
1939. Soll Survey of Kitsap County.

for Post War Program (Portlend). - e
1943, Atlas of - Agriculture of Pacific Northwest Regiona. Y Jer e T

v, 8, Department of Agriculture , Soil’ Conservation Service

.10kl Atles of Climatie Tyvbes in the United Sta.tea.
(Misc. Pub. No. L2l Covers 1900-1939.) ;

U. S Depa.rtment of Commerce Coast and Geodet.ic Survey
n.d.a. Index to Hydrographiic Surveys. :
(No. 6300, sheets 1 and 2; no. 6380, sheets 1 and 2;- no. 6I+SO,
- sheets 1 and 2; no. £L6D, sheets 1 and 2.)

n.d.b. Index of Topographic Surveys.
(No. 6300, sheets 1 and 2; no. 6380, sheev 1; no. 6450, cheets
1 and 2; no. 6460,- sheetslanda)

1935~ Ccast and Herbor Charts, o : 20
1949, (26 charts uave been conetructed for the Puget Sound Ba.sin.

Chart u;v3 s ‘ﬂ-sv )

1944a. Triangulation Diagram.
: (Puget Sound-Admiralty Inlet to Seattle. Chart 6450.)

194kb, Triangulation Diagram.
“(Puget Scind-Seattle to Olympis. Chart 6460.)

1947a. Tidal Current Ciiart, Puget Souad-Northern Part. ]
(Serial No., T1i.) -
o4
3
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e i, U. S. Department of Commerce Coast end Geode’:ic Survey

g 1947o., Triangulation Diagram.

. /"+v\o-!+a of Tunan da Fosa.Raptern Part. Chart 6382-)
- ' 19%7c. Triangulation Diagram.

(Georgia Strait Triangulation Diagram. -Chart 6380.)

1948, Tidal Current Chart, Puget Sound Southern Part.
(Serial No. 6%6.)

ot B 1950a. Control Leveling State of Washington. Index map.’

| 1950b. Isogonic Chart for-1950. . ER
1. § .. s . (united States Chart Fo.. 3077.)

; © 1950c, Trisngulation Disgram, State of Wachington. 'Index .chart,

TR . 1952a. Catdlog of Nautical Charts and Related Publica

. no. 665- ; .
e . —1952’5 - Sectional Aeronauticel CHAEES, - i s
sy ' ‘ “(Tvo charts, Bellingham (Y-l) and’ Seatfle (I-l) ik the :
i Pt | " Puget Sound a.rea.) o el . e b A S

s d 3.0 U. S. Department of Comnerce Weather Bureau (Washington, D.C.)
: B . n, d a. Airway Meteorological Aths for 'the United Sta.tes. o

n.d.’,b. Climtic_ Charts for the United States.

; { n.d.c. Frost Charts for the United States. .
s 19&9 Pacific Coast Drainage in wWasnington, =~ - -
RS ' . (Map No. 75 of a series on the Columbia River Basin a.nd
R | 1 adjacent areas.) :
A J‘ U. S. Department of Intericr Bureau of Reclamation (Washington, D.C.)

1948. Pacific Northwest. '
(Proposed da.ms 2 reservoirs , and 1rriga.tion 1n Washington.)

U, 8, Department of the Irterior, Geological Survey, Map Information
office (Washington, D.C.) :
1951. Aerial Photography of the Unitea States Index Map.
" (Showing all areas kncwn to be photographed by or for Fedae ~al,
State, and coummercial agencies. Also givea agency holdmg film,)

_U."S. Department of Interior Geological Survey
1937. Plan aad Profile of Green River, Washington. :
(From 4 niles above mouth to 9-mile dam site, Sheet A 1937.)
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mmﬁrmxw%msQﬂiﬁw;tVM%ﬁﬁ")W ' ot
. U. S. Department of Interior Geological Survey (Washington, D.C.) [
’ ; n.d. Tepogrsphlc Maps, U.S.G.5. guadrangle Sheets and U. S. Corps l
. ; . of Engineers Planimetric Maps.
ST i (53 maps cover the Puget Sound Basin.)
] = 1899. u. s. Geological Survey Atlas, Tacoma Folio..
. . B (Folio Wo. 51.) .
g N ¥ . ; . i
T j 1906. U. S. Geological- Survey Atlas, Snogualmle Folio.,
: 1 f ~ (Folio No. 139.) i e
. 5 1950, ~..Index_,__t.d Topographic Mapping in Weshington. '
s 05 : E U. S. War Department, Corps of Engineers (Washington, P.C.)
. - §~ n.d. Topographic Mapping of the Corps of Zngineers. o
o : 3 (Index mep showing areas covered by topographic wap prepared -
' J [ under war alert. Areas covered by cther mapping prepared by S
it .& ; .~-or under direction of the Corps of Engineers, and outline of. .-
el IR e ~.m~:~-~ﬁ**fiﬁCOEQSJotsgnginegrs,.gnd outline of Corps of Engineers Domestic
ol Ty ey e b e e e i b s i ke o, A :
{ el Rl S o Washington Map and Blue Print €ompany (Seattle)s v i om o
TR @ e st 1913. Map of Seattle Tidelanis. . PR Ry
‘, C ; fyd o (Shows*Harbor 1sland Terminals andivig;nity.) :
FRE A ' Washington Staie Department of Fickeries (Seattle) - " e
L T 1950a. Commercial Salwon Fishing Map, Pug:st Sound, : : ' pont o d
R (Areas and Preserves as defined in'Section 37938 order ne.. . . | ™
e TR 256, Director of Fisheries 1950.) ' o e Y -l
"' L ‘ 1950b. Shrimp Map, Fuget Sound. e Bl : o st s
y 4 : (Areas and Preserves as defined in Section 47, 48, and 67, ' i
. ..j s Director of Fisheries 1550, ) ot _ .
. ,q : Washington State College Agricultural Experimental Station (Pullman)
ﬂ: 1933, ”Seasonal Distribution of Precipitation. 5 o
' S 1945a. Divisioﬁ'of“FarmﬁMéﬁé@ement, Agricultural Economics. Economic
. lard Use Class Map, King County,OWashington. -

(Classifies land of King County into § classes, and 3 poteﬁtial
classes.) =~ £ ' . - -

1945b. Division of Farm Management and Agricultural Economics. ‘Economic
Land Use'Claéngapsy'Snthmish County, Washington. i
(Classifies land of Snohomish County into 6 classes, and 3

potential classes.)
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Washington Sta:cs Geological Survey
1936. Washington State Geology. .

(Preliminary Geological Map, Bulletin No. 32.)

Washington State Pollution Control Commission Technical Section

n.d. Drainage Areas of Washington State.

Washington Stevedore Company (Seattle) -
11905. Chart of Puget Sound. - - :

(Showing ports of Seattle, Tacoma, Bellingham Bay, .Everett,.
=+ Mukilteo, Blakely Hardor, Port Ludlow, Port Gemble and Fegle

Harbor. )

ite, D. A, (Tacoma)

1908. Map 6f the Puget Sound Country.
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Bowie, William

1917,

192k,

- due to local causes close to ine bur;uu:.) : s

.(Discusses the data presented in.Special Publication 99 in the

Carnégie
1953.

BIBLIOGRAPHY

Investigations of gravity and isostasy. U. S. Department of
Comperce, Coast and Geodetic Survey, Special Publication 40,

196 pages, Government Printing Office, Washington, D.C.

(Contains gravity measurements made within the Puget Sound Basin.)

Isostatic investd gatlons and data for gravity statjons in +he
United States established since 1915. U. S, ‘Coast and Geodetic
Survey, Seridl no, 246, Special Publication no. 99, 91 pages,
Government Printing Office, Washington, D.C. .
(A comprehensive discussion of gravity and isostatic conditicns
end investigations in the United States. Basic principles are’”
discussed in relation to observations. It is pointed out that
the great differences in the anomelies of the Seattle area are

.Ispstatic condition of the United-States as indicated. by groups i
Sof: gravity stations. U S ‘Coast and: Geodetic Survey, Serial b e

no. 366, 1). pages, Government Printing Ofrice, Was

light of a regrouping of the gravity statipns. Large negative

_aromalies of Puget ‘Sound are discussed,)

Institution of Washington Department of Tgrrestrial Hagnetism
Personsl communication on earth-currents, gravity anouwalies,
gedumagnetism, and seismology in the Puget Sound area. Letter %
from M. A. Tuve, Director, to Peter Mclellan, dated January 13,

1953.

(No information on earth-currents, gravity anomalies, or geo-

. magnetism. Seismic work done in the eastern part of Puget Scund.)

Duerksen, J. A,

9k1,

1949,

Deflections of the vertical in the United States (1927 datum)
U, 8. Coast and Geodetic Survey, Special Publication 229, 1

‘pages, Government Printing Office, Washington, D.C.

{This publication gives the deflections of the vertical at all
latitude and longitude gtatione of first- and second-order -
accuracy in the United States, for which ths geodetic positions
-are ava.lable on the North Awmerican Datum of 1927.) :

Pendulum gravity data in the United States., U. S. Coact and
Geodctic Survey, Special Publication no. 244, 218 pages, Govern-
ment Printing Office, Washington, D.C.

(A de=:ription of the pendulum gravity mecasurements in tie
United States are given., Two tables of pendulum gravity data
are given., One contains the adopted pendulum gravity data to-
gether with the gravity ancmalies, The other contains the ob-
served gravity iata whenever more than one pendulum gravity
determination has been wade,)
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Hayford, John F. anc wWilliam Bowie
1912, The effect of topography and isostatic compensation upon the
intensity of gravity. U. 5. Department of Commerce, Coast and
Geodetic Survz,, Special Publicatica 10, 132 pages, Government
Printing Office, Washington, D.C.
(Contains gravity measurements made in the Puget Sound Basin.)
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ueath, W R.
o952, . A Simple Tﬂchnique for Making Topographic Maps More Readable,
: The Mcuntaineer, vol, %S, no. 13, pp. 34-36, 39.
(T’escrlpz’hn and exnmples of plastic shading )y

| - ¥ o HPiskPnen, v. . . ' i

| Y ' 19c1. On Seattle Earthqua.kes and Gravity Anomlies. Bulletin of the =
Seismologicel Society of America, vol., 4i, no._ », pp. 303-305.
{Reviews the work of Bowie (1921+S in the light of the Seattle
earthquake.)
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R S R Jones, John W, ' k
e T : 19528. Gravimetry at - tne University of,,}lashington - .The Trend 1n 3
et SR aineering,&t the University of Washington, vol, ¥, no. 3,
PR St . 5-6, Engineering Experiment Station, Untvers:tty of Washington
w T \Discussion of the problem including & map showiug free-air | -

= SR K gravity a.nomalies in the Puget Sound Basin of Western Wa.shing"on.) ’

) E e 1952b, Gravimetric InVestigatiOns in the State of Washington. Bulletin
R e . of the Geologica,l Society of America, vol. 63, no. ..2, pa.rt 25 -
ol . T p. 1354, .

Marsha.ll, R. B. - ' '
1918. Spirit Leveling in the State of Washington. 1896 to 1917 inclu-
sive. U, S. Geological Survey, Bulletin: 671+ 204 pages. .
{Precise and primary leveling. S N

" Montgomery, R. H. e S
1930. Precise Leveling in British Columbia.' Canade, Department of the
.Interior, Geodeti: Survey, Publication no. 2k, 96 pages, 1 map.

»
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1932. FPrecise Leveling on ‘Vancouver Island.. mm, Department of the ’ -
s Interior, Gsodetic Survey, Publication no. 38, 2L pages; 1 map. : :
(Description of leveling network. Mean sea leVel da.tmn,
Nanaimo, Port Alberni, Sidney, Victoria. ) ' ]
5 : Oros, Charles N. !
1952. River Current Data from Aerial Photogrephy. Photogrammet,:ic .
Engineering, vol. 18, nc. 1, pp. 96-99.
{Work c;one five miles upstream from The Dalles on the Columbia
River. '
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i U. S. Navy Hydrographic Office
. , i95i. Redio Havigaticz Aids, H.0. Publication No. 205. Government
- : Printing Office, Washington, 422 pages. : _
: i (Direction finder stations, radio beacoms, time signal naviga-
i tional warnings, distress signals, medical advice and quarantine,
] > _ long-range navigational aids and radio regulations for terri-
f = torial waters.
SR U. S. Treasury Department Coast Guard ’ S ;
e 1952, Complete lList of Lights and Other Marine Aids, Pacific Coauu of
2 -4 the United States, Volumes IV, CG-162, 288 pages , Government
R Printing Office, Washington.. : PR,
i (This listing-is intended to furnish move cciplete information
- - _‘ : concerning aids to ‘navigation than cén be conveniently shown : !
, ol i . on charts.) - - : - v % 1801
* I Wagner, Henry R | sl o LW |
S . 1937. The Cartography of the Northwest Coast of America to ‘the Year
I o 1800, . University of : California Press,;Berkeley, vol. I, pp.
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HYDPOGRAFHIC HISTORY

The first bathymetric survey following the discovery and charting
of Puget Sound by Captain James Vancouver in 1792 was that initiated by
Lt. Charles Wilkes in 1841 (Wilkes 1845). The results of this survey
were published in Volume 23, Hydrography, chapter 16 of his Teport

series (Wilkes 1858). _ ) . : e

The: original surveyr show princivally bottom type and character-
istics. Being of a reconnaissance nature the soundings were not spe-
~-cifically reliable, - The techniques used were those of the hand line ‘and
lead for making the measurements. Prior to 1920 soundings and-bottom
samples were taken at fairly large intervals, simply to obtain the
overall characteristics of the area. After 1920, vhile soundings were .
still being made by hand, the technique of sounding was developed so -
that they followed in such rapid sequence that they approached the use- .

fulness of the present ecno sounder.
3 o A h

3

_ Puget Sound ares.: The 308 fathomator .was: ;instelled for use in Puget”
Sound in the period 1939 to 1940. After 19h0 surveys have been wholly
electronic. These new- aurveys show -detailed exposition of the bottom
configuration., - _ -

U. S. COAST AND GEODETIC SURVEY FIELD SURVEYS

o The original field surveys provide a comprehensive record of con-
ditions existing at the specific time the survey was made, while the
_charts in current use generally employ data secured at various times.
Therefore, thovgh the chart may be of recent printing, the period in
vhich the area was surveyed may be quite remote, Adequate use may be ’
made of the original field survey records when specific informaticn is
desired or a larger scale preferred than that usel on the published chart.

Eyﬁrnaranhic Surveys

-

. For the Puget Sound area Indexes of Hydrographic: Surveys may be had
based on the following charts: No. 6300, sheets ) and 2; no. 6380,
sheets 1 -and 2; no. 6450, sheets 1 and 2; no. 6460 sheets 1 end 2. An
analysis has been made of the period in which the Hydrographic Surveys
vere made and is presented on Fig. 9-1.
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LEGEND.

PERIODS IN WHICH SURVEY3 WERE MADE

1939
1934 - 1937
192€ - 1927

1917 - 1920

(LY o=

123*15'

|
122°15°

48° 9|

47° 45’ |

47°30 |

47018’

~ INDEX' CI{ARTS TO HYDROGRAPHIC SURVEYS OF PUGET
- SOUND. :

. PUGET SOUND
LOCATION OF MOST RECENT
HYF_!ROGRAPHIG SURVEYS

SOURCE ~ U,S. COAST AND GEOOETIC SURVEY,
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- PERIOD OF SURVEY. The oldest survey on which current charts are

1 -1 being based in 1878, This area lies north of Seattle between Bdwards
Point and Useless Bay. Hood Canal, pert of Admiraity Inlct, Saratoga
Passage, and Port Susan were surveyed between 188% and 1286. The entire
area souih of Point Jerfersuon {inciuding Fort OUrcrard) was surveyed
during the period 1934 to 1937, while the approaches to Admiralty Inlet
were surveyed in the period 1930 to 1943.
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Topogranhie Surveve

- 5. ' ‘A topographic Burvey of the shore line is made at the time of each o il
iheie! B T . hydrographic survey. Using & scale of 1:5,000 or 1:10,00C goocd detsil -~ ;
I b of -shore line features and ihé beaches may dbe found. '

i 5 er R o e ikl : %

e

Reliabilij of Measurements R ' e et

R Sl ' The mean high water line is delinested by the topographer during
g S his traverse along ‘the shore line. Since this is a tidal plane,

i " ‘_topographev- nust estimate this ggwio%--not difficult on é.brupt shores g T
Connmeeslaaies T bat requiring. knewie"‘” o s‘..age of tide on. low gradie..t aches - CTY, S R
LS e ., F bR flats. “Topographic reguiremerts on.shore lime traverse cali fox e R O

. closures not tc exceed 4 meters in a mile between control- stations for . : < 1,
o ““sheet ‘scales 1720,000 or-larger, and 8 meters to a mile for sheet scales . ' 1=
O T 4 . smaller than 1/20 Co0. The accuracy of any point on the mean high water

Rt ok I - line (cha.rted shore line) depends upon spacing of control in the area; ‘ i
shore line topography, the residusl evidance on the shore of this line R AR X3
and the skill of the topographers. Captain Pierce of the Ccast’and Geo- . :
ST e detic Survey estimates that 5 meters would be an average for the. error

e e B from the true position on Puget Sound (U. S. Department of Commerce
¥ . Coast and Geodetic Survey 1953a). -

o Instructions on basic hydrographic surveys call for the hydrog- :
: .i : rapher, vhere possible, to delineate the zero deptkL curve (mean lover |

f low water). This requires sounding at high water with a tide sufficient ;

s ' : to provide for water under the keel of the sounding voat and see condi-

L tions suitable for sounding in shoal depths. This has not been practi-

: cable in all areas of Puget Sound and Alaskan waters because of rocks ,

i ' } I reels, &ic,,and usuul surf and breakers prevalent along the coasis {v. s.
9 Department of Corucrce Coast and Geodetic Survey 1953a).

i i Depth contouring may ‘e reliebly accurate in Puget Sound because of
SN . the steep slopes of the basin,

9k




N ..
0 e Tl e i e i

S
JAGEE T LI NPT R

A

R e e Lk SO EE  NP R Mo —

BATHYMETRY

- Puget Sound is one of the deepest salt wuter basin areas in the
United -States. Depths of 600 to 800 feet prevail in the northern sec-

tion, while scuth of the Tacomn Nerrcws, near the head waters; 300 feet

. is ‘moreé typical, Occasionally deep holes occur in either section which

way be illustrated by the depth of 930 feet of? Point Jeffersor in the

"northern section and the S546-foot hole near McKeil Islend in the south-
-ern section. Such conditicaz are analogous to the topcgraphy of the

Lkl

adiscent l1and areas. See secticn on Geography: Description of Aree.

Saens Be.sirs, ernd Mad Flats"

Faget Sound. may be divided into four general ‘sections which are
partly isolated by vertical Or lateral constrictions. The main basin
extends from a.240-foot threshold sill at the confluence of Admiralty
Inlet with the Strait of Juan de Fuca, south to a 180-foct sill at the
Tacoma Narrows. The section south of the nariuws consists of a primary
basin in excess of 500 feet. in depth with wany oranching channels a.nd
inlets. Gl S . ; . i s

Eood Ca.nal ¥ aVeraging a.bout two mtles in width a.nd ha.ﬁ.ng a depth
of 600 feet, extends about 50 nautical miles southwest from Admira.lty '
Inlet and is partly nepa.rated frOm it by n 180-foot sill,. - .

The fourth section extends wit.h a_iminishing_depth trom Possession
Sound, &bout ?5 nautical miles from the entrance to Admiralty Inlet,
north through Skagit Bay to Deception Pass.  The Pass is a very re-
stricted channed about 200 yards wide and 96 feet in depth (in the con-
stricted portion) connecting with the Strait of Juan de Fuca (see Fig.

9-3).

Several minor sills set off smaller areas from the main water bodies.,
Figure 9-2 shows the sill arcas for Puget Sound. Also shovn are mud
flats which occur in the delta regions of mejor rivers., These areas are
usuelly bare at low water,

Depth Analysis

The average depth of Puget Sound (volume/area) is 205 feet., The
mean depth of 56 unit area divisione from the maximum depth of 56 unit
areu divisions of Puget Sound is 390 feet. The variation in depths ex-
emplifies the "deeps" as being restricted holes. The shoal and tide
flat areas adjacent to river deltas offset the few 900-foot holes. An
analysis of Fig. 9-6, a curve showing accumulated volume versus depth,
will show other relationships.
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L3 ) In an area vhere unknown rates and locations of sedimentstion gre I

‘.c‘ prevailing, the bottom depth configwration may be expected to change

¥ with each new Hydrographic Survey. See section on Geology: Deep Fill-

B ing and location of Areas of Most Recent Bathymetric Surveys, this sec- !
'i\ tion. ?
£

Changes in bottom configuration are known to take place with vio-

lent earthquake shocks., See section on Seismology: Earthquakes of :
Intensity VIII.

Era

Cable and Pipeline Areas

Fxamination of Fig. 9-4 will show the extent to which Puget Sound
is traversed by major commercial submarine cables and pipes. Generally
they are located in deep water with the shcre terminations postcd with - B
i an appropriate marker. The locations of catles likely to be disturbed ;
i by drags and anchors are marked on the Coast and Geodetic Survey charts.

e w e pemm et sy mr W

ARTA AND VCLUME ANALYSIS

b P The total area of Puget Sound {(az delineated in the section on T ;o
¢! Geograrhy) at Mean High Water is 767.6 square nautical miles. The total % ]
volume of Puget Sound is 26.5 cubic nautical miles. The volume of water ’ i
within the tidal prism (MHW-MLIN) is 1.27 cubic nautical miles, :

A. Admiralty Inlet, B. Puget Sound (central part), C. The Narrows and
"south, D, Bood Canal, and E, Possession Sound and norih, Yoluwe &ad
area analysis are presented in ''ables 9-1 and 9-2, Figure 9-6 shows ac-
cumulated volume versus depth of Puget Sound.

i
!
]
i Puget Sound, shown in Fig. 9-5, has been divided into five sections:

Data in final preparation at the Department of Oceanography, Uni-
versity of Washington, includ=s the entire Puget Sound area as analyzed
in 57 geographic divisions--cach a complete unit and the aggregate totals
ard sub-totals to be presented as reference tables (Mclellan 1953).

Accuracy of Measurements

The area vaiues are considered reliebie to four signiiicant figures
and the values for the volume are relieble to three significant figures.
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SHIPWRECKS

A comprehensive analysis of locations and causes of wrecks (marinc
Aizasters of eny csuss) within the Puget Sound area would be extremely
time-consuming. The various marine histories list almost every boat
and ship that has sailed within the area and their ultimate dlsposition.
The most readily accessible information is contaired in the anrusl publi-
cation "Merchant Vessels of the United States,” lisl of American vessels
lost (U. S. Treasury Department Bureau of Customs Annual)}. This publi-
cation lists only American Vessels 108t arter 1YUZ. For & 11su of
vessels from all nations lost prior to 1895, refer “o "Lewis and Dryden's ;
Marine History of the Pacific Northwest" (Wright 1895). ;

Appendix 9-A and Fig. $-7 show charscicristic areag, locations, and
statistics of those vessels lost that were encnuntered in this prelimi-
nary survey.
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ABC.EI 190
ANNA 1910

"“"g\“ A RGUERITE M 1§12
COOK NO.3 1917

NOTE — INCOMPLETE LISTING INCLUDES

PRIMARILY DOCUMENTED AMERICAN
VESSELS. 0 PERDITA 1

REAPER 1908
ATHLON 1921°

Equ.u ALD 1889
EDMONDS 1928
WlhﬂlY 927

SNIPE IE 192

MOUN™2HEER
CURLEW 193
B.¢.CO. NO. 4

BURTON 1924
GIG HARBOR 1929 ELSIE E 1912

WANDERER 938

1LF.CO. NO.3 ¥

VOLANTE 1923

PR - ——
wHIYE
e o,
oR sdlg’\'/
ALHE 1908
¥ 1 Fi INY M, 1912
ADMIRAL YILE 12
1+ NORTHLAND (229
LuBY 1929 0 -KE¥ 1929
RY3E NO.4 iuid
SIA BULL 1930
WANDERER 1930
NOMAD 1935
Y.T.6B. C0. NO8E 1937
FALCON 1906
URANIA 1914
oK '9|8 BREMLRTON 1926
DART 1924
RELIANCE 1926
JUNE C. 1910
u‘%}g‘u 1880 PRATE a1l MISSISSIPPI 1382 HERO 1927
ESTELLA 1908 BEE 1889 ALAMEDA 1931
LEWISTON 1911 MIPTUNE 1889 REX 1931
' DISPATCH 1890 TOM 1931
SARDINE 1907 CI™Y OF BLAIE 1938
WILDWOOD 1910 HARVESTER 1938
MULTNGMAH 1911 HORACE 1940
MARY C. i912 FLOYD 1942
TELEGRAFH 1912 WHITE CREST (947
SALMO 1916 *.EST ViRgINIA 1948

A FULLLR 1918

CHESLEY NO.5 1318
HERO 918
ROSALIE 1918
SNOWLAND 1921
GEE WHIZ 1923
owL 1923
CHINDOY 1924
ROSE NO.6 1925
YANKEE 1923
BELLINGHAI 1925

SUCCE3S 1907
MERRILIE 1932
HARIE 1934

GRACE C.1939

ROBERT C. I
CORNELL 9 1943

JEAN D. 1#40
ELSI 92 4 i 53
STARLING 1926 g A-HOE 1928
RAINBOW 1940 124 Lréb il
LAZY LOU 1938
SILVER WEELS 1938

TIME 1545
TOMCORINA 1146

LIEF-ERICKSON 1881
Dix 1906
VALDEZ 1922
CHEMA 1928

NORTH SIDE 1911
TRLVELER 19ll
HHBUCK

DAY ISLAND w I (11 ]
FOSSBE 1928

43
N.R GRAY 92T
'lWE 129

ALBEATIE 1949

PUGET -SOUND
VESSELS LOST 1858~

(256 VESSELS LIST:ID)

..HTE('ST&TS VESSEL3

PRINCIAL Us. 1 MENT
BOREAU o6 CUS:ouS “NCHCHANT VESSELS OF The

1949
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Appendix 9-A

SHIPWRECKS WITHIM THE BOUNDARIES OF PUGET SQUND
256 Vessels Listed
(See Fig. 9-6)

Vessals whOse names are listed on the following pages have been repoxted

to the Bureau of Customs as 2actual total loss and are classified in the !
coluan headed NATURE an follnwae

FOUNDERED: Casualties due to leaking or capsizing of vessels includ- e
ing vessels running aground, striking rocks, reefs, bars, etc. |
STRANDED: Casualties due to vessels r.nning agroung, rocks, reefs, |
bars, etc. y |
COLLIDED: Casualties involving collisions between two or more ves-

sels but not between a vessel and any other object,

BURNED: Casualties due to fire.

.

The rig abbreviations used in describing vessels are as follcws:

Bk. - bark
Brg. - barge
Ga.s. - gas screw
Ga.y. - gas yacht
Ol.s. - 0il screw

Sch. - schconer

_ Scw, - scow
St.p. - steam side wheel
St.s. - steam screw :
8t.w. - steam stern screw
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B NAME OF * GROSS LIVES ; 4
i TYPE RIG VESSEL TONNACE 10ST NATURE DATE PLACE
! 5 Steam St.s. Traveler - 5 Foundered 1858 Off Foulweather
it Bluff
: Steam 3t.s. Resclute - 6 Explczion 1868 Squaxon Icland
! Fassage
4 Sail Bk. Windward 782 - Stranded 1875 Useless Bay
i Sail Bk. Osmyn - 3 Collided 1878 Near Point
! , Marrowstone
.y Steam St.s, Augusta -<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>